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RESEARCH MEMORANDUM

FREE-JET PERFORMANCE OF SEVERAL CONFIGURATIONS
OF THE XRJ43-MA-3 RAM-JET ENGINE

By John E. McAulay and Carl E. Cempbell,

. SUMMARY

A free-Jet investigation of the performance of the XRJ43-MA-3 ram-
‘Jet engine has been conducted in an altitude test chamber at the NACA
Lewis laboratory. As part of this investigation the engine performance
and rich blow-out limits of the standard engine, several step-flame-
‘holder, and the isentropic-inlet configurations were evaluated. With
the standard engine configuration, which employed an annular V-gutter
flemeholder and a single-50°-cone-inlet diffuser, the effect of yaw,

diffuser rotation, and small changes in inlet and exit areas were inves- '

tigated. The data were obtained primarily at altitudes of 50,000 and

. 80,000 feet, angles of attack between +7°, inlet—air temperatures of

816° R (Miami hot day) and 740° R (Miami cold day), and at a Mach number.
of 2.35. :
Ehéine yaw of +2° or a diffuser rotation of 450 with the standard
engine configuration had no appreciable effect on either engine perfor-
mance or rich blow-out limits. Small changes in exit or inlet area of

‘the standard engine configuration did not materially increase the max-

imum thrust available. Screeching combustion was present with this
configuration, particularly at the higher pressure levels ‘and - fuel—air
ratlios investigated.

‘Because of the increased diffuser pressure recovery avallable with
the isentropic inlet, this configuration afforded higher values of A
internal-thrust coefficlent and a wider range of fuel-air ratio,operating
limits than the standard engine configuration (50°-single-cone inlet).
These gains, however, would be reduced measurably as a result of charac-
teristically higher drag associated with 1sentropic inlets. The step-
flameholder configuration had higher rich blow-out limits and combustor
pressure ratios than the standard engine configuration. -Thus, the peak
net-thrust coefficient of the step-flameholder configuration was higher
than that of the standard engine configuration, although the former oper-

ated at lower combustion efficiencies. Unlike the standard engine or
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isentropic-inlet configuration, the rich blow-out 1limits of the step;

flameholder configuration were nearly unaffected. by angle of attack. .

INTRODUCTION

‘A Pree-jet investigation of the performance of the XRJ43-MAr5 ramr
jet engine has been conducted at the NACA Lewis laboratory at the re-

quest of the Air Research and Development Command of the U.S. Air Force.‘

The investigation is part of the development program for the "Bomarc' .
- ground-to-air interceptor-type missile. The interim "Bomarc" missile, .
" toward which this investigation was directed, requires engine operation
over a range of flight Mach numbers from 2.2 to 2.7, at altitudes from
30,000 to 65,000 feet, and with inlet temperatures corresponding to

Miami hot day and Miami cold day. -Because the missile is the interceptor

type, high thrust, rather than low specific fuel consumption, is of’ pri-
mary interest. Engine specifications require the engine to produce
‘near-maximum thrust over an angle-of-attack range from -4° to +4° and be
capable of withstanding maneuvers to angles of attack of i7° without
_combustion blow-out.

As part of the investigation, several variations in'engine orien~

' tation and configuration were evaluated. Because flight installations -
were to be utilized with the diffuser orientated 'in two different cir- '
cumferential positions and because the diffuser innerbody is supported

by struts, it was deemed necessary to investigate the effect of diffuser
rotation and yaw on the engine performance and rich blow-out limits., In
references 1 to 3, which report the performance of the standard engine
configuration, the maximum fuel-air ratio and, hence, the maximum thrust
were found to be limited by diffuser instability and rich blow-out. In
.an effort to obtain a quick fix that would extend the operatlonal 1limits
of the engine and thereby increase the maximum thrust, an exit nozzle

’about 2~percent lar er and an inlet about ll-percent smaller than those
of the standard engine configuration were evaluated. An investigation -

vas also made of the performance and operational limits.that were obtain-'

able with more extensive changes to the standard engine configuration,
_ namely the use of step-type flameholders and an isentropic inlet.

It is the purpose of this report to compare the performance and rich -

~blow-out limits of the various engine configurations and, diffuser orien-
. tations with the basic or standard engine configuration. Most of the
data were obtained at altitudes of 50,000 and 60,000 feet - at nominal
~inlet-air temperatures of - 740° R and 816° R (Miami ‘cold and hot days
above the tropopause at, a Mach number of 2.35) over a range of angles of
attack from +7° to -7°.. 'All the data are given in tabular, form except
for the standard engine configuration. Only the data necessary to make
the comparisons are presented 1n graphical form : o
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APPARATUS ,
Installation '

_ The installation of the XRJA3-MA-3 ram-jet engine in the: altitude’

test chamber is shown in figure 1. Dried air (approx, 9 grains of mois-

ture per pound of air) entered the plenum chamber at the required tem-
perature and pressure and passed through the various flow equalizers,

which smoothed the inlet profiles. The air was accelerated to the
desired Mach number by means of a supersonic nozzle. Part of the air -

© entered the engine and the rest was bypassed through the Jet diffuser

into the test chamber. A shadowgraph was used to observe the engine-
inlet shock pattern, and combustion in the engine was observed through
a periscope located downstream of the exhaust nozzle.

Angles of attack were similated by pivoting the supersonic noZZle : ‘{; :
‘about an axis on the engine centerline 5- inches upstream of the cowl

1lip.

Engine
A photograph of the heavy-duty water-cooled engine installed in the -
test chamber and a sectional view of the engine in the test chamber are
gshown in figures 2 and 3, respectively. The following table summarizes

- the various engine configurations and diffuser orientations investigated.
The maximum nominal combustion-chamber diameter ‘was 28 inches. for all
?configurations.

P
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Configuration or Inlet Fuel injection Fleme-~ . Exit
orientation diffusera. system- holder |- )
Standard engine Ao 20 fuel nozzles |Annular | Ag o
A, = 0.403; | 5 inner mani- V-gutter E; = 0.703
500 cone fold, 16 fuel '
450 moin | mozzles to outer Convergent-
Z ent
_ longeron manifold K &
Standard engine Same except
(modified 1nlet) inlet is
0.397 .
Standard engine A Ag ‘ -
(modified exit) E = 0,403; v 'A;"“ 0.719
50° cone Convergent-
45° main divergent .
longeropn o :
Standard engine Ay
(£2° yaw) ‘ ]g<= 0.705
L Convergent-
. _ divergent
Standard engine - Same except E '
(450 diffuser - 0° main .
rotation) longeron T :
Step flame- Ao ' 12 fuel nozzles ' |Step -
holder A rs =.0.405; | o ‘inper mani- | fléme- |
: o « - | fold, 24 fuel | holder A
500 cane nozzles to out-.| .
457 main er manifold B
longeron . Lo '
Step‘flame— Step .
“holder B - - flame" - | < o
; . ' L < | holder B : - b
- Step flame- : .. | Same withfputer‘. Step .
holder C ! and inner’ fuel ‘[ pigme. . . ‘
; . " nozzles moved holder cf - o
L .1u . sAy R
, ‘27 and 25 L S
i " downstream # >
, ya -respectively I
Step flame-'; , | Same with outer [gtep- g -
"holder D | fuel “°§ﬁl§s: 1. flame-"" - N
‘ ; . moVed‘Z%' holder D}
. . 'upstream - : T T _
Isentropic,inlét AO -20 fuel nozzles f'Ahﬁular if .
k L A3 = 0, 438, t0 inner mani- ‘V-gutter| . - i
g - fold, 16 fuel SRR S A
isentropicl - nozzles to outf: A
) 450 main | er manifeld - .
longeron . e \

aThe so-called "main 1ongeron" is the one. which houses the' ff' )
»air scoop for: the turbine and the fuel linds ‘that pass from “+the: o

_missile to the engine. The circumferential location of this-‘

Lo

-longeron: is measured in degrees counter-clockwise from a.ver-"

tical centerline as viewed from upstream.’

It was a matter.of

convenience to ‘rotate the engine only ahead of eugine station 96
{ Just downstream of .the flameholder) inasmuch as the combustion
chamber and exit nozzle are symmetrical. L

. CONFIDENTIAL
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D

Inlet diffusers. - A photograph of the single-50C-cone-inlet dif- A

- Puser 1is shown in figure 4(a).. Both the 0.403 and the 0.397 inlets were

designed for an intercept Mach number of 2.55. A photograph‘of’the,
isentropic-inlet diffuser is 'presented in figure 4(b). The projected
area of the inlet for this diffuser was 0.438 of the combustion-chamber
area.

The innerbody was supported by three equi—spaced longerons. Approx-
. imately 1 percent of the engine air flow was bled overboard by an air
. scoop through the main longeron whose projected frontal area was less
than the other two longerons. This air is intended to drive a turbine
.~ fuel pump ih the flight engine. A grid, the purpose of which was to
. improve the uniformity of the diffuser flow, was composed of two- .

dimensional airfoil sectionsg and had a blockage of about 38 percent.

(See figs. 3 and 5.) :

- Flameholders and fuel-injection systems. - The fuel—system flame-
holder combination used with all configurations except the step- o
flameholder configurations is. shown schematically in figure 6. This = ' '
fuel-system flameholder combination employed an annular V-gutter flame-
holder having a blockage of about 52 percent (fig. 7)., The axial ' .

-location of the flameholder is shown in figures 3 and 6. The fuel 8ysm .-
tem supplied fuel through two manifolds, ‘one which feeds 12 nozzles on '

‘the inner ring and ‘four pairs of nozzles mounted at a radius outside the ,
outer ring (rigs. 5 and 6). The other manifold feeds 16 nozzles on thé. L

'outer ring. ' ’ ' s ' '

The fuel-system flameholder combinations used wlth all the step-
,flameholder confiéurations ig shown in figure 8. This figure also .
. shows the axial ;ocation of the flameholder and fu%l system. The step
. flameholder for .donfiguration D which. has about 35 percent blockage is

.

.~ shown in figure,9. All the step flameholders had a, perforated outer -

skirt The perforations provided a means of eooling the skirt and also
‘may have aided in suppressing screech. In- “the ‘fuel- system ‘used’ with

‘the step flameholders, fuel was supplied through two manifolds, one "”.ffff}

feeding 12 nozzles.'on the inner rlng, and the’ other feeaing 24 nozzleS':- y,

. on the outer ring.

L the - combustion-chamber area, except for: the configuration where it was

All the fuel nozzles were of the- spring—loaded pintle-type (i e.,:w:' )
. variable area). A propane ignitor was used for ignition and was located. -
“in the trailing ‘end of the 1nnerbody.- o . I Hﬁ‘ . “.,~A‘

. ~Combustion chamber and exhaust nozzle..rfThe combustion chadber had
a maximum nominal diameter of. 28 inches and was water=cooled from. the
region of the flameholder to the exhaust-nozzle- exit. A converging-“f'
diverging exhaust nozzle was ‘employed having a minimum area of 0. 703, of’

K
’

- 0.719.

CONFIDENTIAL '
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Air-flow calibrator. - In order to obtain an engine air—flsw cal-f“ , ‘
ibration and to determine the diffuser cold-flow pressure . recoveries, R T
‘"'the engine tail pipe between engine stations 96 and 114 was replaced by L e
> a calibrator ‘section 139 inches, ;long. A sectional view of the air-flow: ?,f;w

calibrator is shown in figure 10. For this configuration the diffusér vﬁﬂﬁﬁg(g
back pressure vas varled by means of a butterfly valve. Screens down—,& el
o stream of. the valve were provided to insure flat total—pressure Trofiles N
- at the exhaust nozzle and thus allow accurate. air-flow measurements at
: that station.~ The exhaust nozzle was always ¢hoked. =~ - -

+

Instrumentation ‘

. The free-stream totel pressure and temperature were measured at the
ff supersonic-nozzle inlet, station 0 (fig. l) The cros3hsectiona1 view
! of the- engine in figure 3 shows the 1ocation of total-pressure instru-
‘mentation at stations 2 and 5. During the’ entire investigation, static
wall taps were located throughout the length of- the diffuser. For the
_configurations using the V-gutter flameholder the total pressure -at; the .
diffuser outlet was obtained from the rakes at station 2. When:the step
flameholders were installed, it was necessary to remove the station 2.
jtotal-pressure rakes. Therefore, for this portion. of the investigation, :
diffuser-outlet total pressure was calculated using measurements of. air R,
:flow and static pressure at the diffuser outlet (see appendix B)

l

All pressures were measured by mercuryhfilled manometers that were RS
referenced to atmospheric pressure. Manometer readings were photograph-‘f--' .
ically recorded, and the temperatures were recorded . by a self-balancing .

rpotentiometer. Fuel flow to each fuel manifold was measured by positive-;”
- displacement electronic flow meters, which were calibrated with
",rotameters. ’ , , [

PROCEDURE o

The fuel control of the XRJ43—MA93 ramsjet engine schedules three«' ‘

, modes of operation during flight. These modes are referred to'as inner- - -
ring-only, dual-pressure, and single-pressure fuel injection.‘ With the L
‘inner-ring-only operation the fuel is injected through the fuel” nozzlesf,f’
‘fed by the inner-ring manifold. At each flight condition,- data were - - .
usually taken at only a single inner-ring fuel-air ratio which corre~ .
sponded to the nominal inner-ring setting for dual-pressure fuel injec=- '
~tion. With the annular V-gutter flameholder this inner-ring fuel-air
setting was either 0.033 or 0.037. With the step-flameholder configur- .';z
‘ations, the immer-ring fuel-air ratio was set at values from O, 021 to - ,
0.025. With dual-pressure operation the fuel flow to the inner manifold !
was held at the aforementioned values, and the over-all fuel—air ratio :
was modulated by varying only the fuel flow. to the outer manifold from

CONFIDENTIAL
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zero’ to a value that produced equal pressures in the inner andvouter

manifolds.

- For. single-pressure operation fuel was injected,through all

the fuel nozzles over a range of. fuel flows with equal fuel pressure in

ithe +4wo .fuel manifolds..

‘The following table gives the thrée modes. of

fuel injection and the approximate fuel-air ratio ranges ohtained'with

each,‘

e

. [Fuel injection

~ Annular Vlgutter‘ ,
flameholder - -,

Step;flamehQIQeiﬁ,ug,nl

| Puel~air ratio range

Fuel-air ratio range - ' -

Tomer-ring only |

- 0. 035 or O. 037

0,021, 0.02%, 0,025 "

: Dual-pressure

0. 053 to 0.061 or blow-out
0. 037 to 0. 067 or blow-out

0.021 ‘to 0.063 or: blowuout’

0.025 -to 0.075. or blow-out |,

‘f‘..SingleépreSSure

OﬂOS to blow-out

0 05 to blowaout if.}"

Ty .

.,.‘ ) :. . .o
. l §

Data were obtained (although not necessarily for- each configuration

’ at all the inlet conditions) at a Mach number of 2. 35, altitudes of °

50,000 and 60,000 feet, nominal inlet temperatures of 816° R (Miami
hot day) and 740° R (Miami cold'day), and angles of attack of-0°, £4°,

In addition, data were obtained with the step—flameholder i
' configuration D at a similar range of altitudes, inlet temperatures, '

and angles of attack at a Mach number of 2.50 and at an additional
altitude of about 67,000 feet at both 2.35 and 2.50 Mach numbers;w The
exact ‘conditions at which the: data were taken with each configuration«'

*are shown in tables I and II.' |

o

The rich bloWbout data were obtained by slowly increasing the fuel

* tinent.,

dition were substantiated by two data points.

" flow and manually recording the parameters at blow-out which were per-v»ﬁ”
In most cases blow-out limits obtained at any given inlet con-,;j’

Clear unleaded gasoline with 8 hydrogen—carbon ratio of O 182 and

respectively,

'j a lower heating value of 18,800 Btu per pound was used.
- used and the methods of calculation are listed in appendixes A and B,

~The symbols

RESULTS AND DISCUSSION

- Two combustion phenomena’ were encountered throughout the investi-i,' '

individually.

primarily with the V-gutter, flameholder.

i_gation and will be discussed before considering each: configuration, o
The first of these is combustion screech, which occurred
Screech, which had a measured’

frequency of about 700 cycles per second, caused no noticeable damage to

CONFIDENTTAL




se a8 ®

CITEETIET sy et

® 6 & 6 & @ (L 1] ® L] ® 8 ® i v
‘ - oP So® © e o om' @8 6 5 ves 68 see G R ‘ ”‘. et
8 ‘CONFIDENTTAL  NACA RM E55H22 ;.

the heavyaduty engine or its components. The effect of screech on .7 ...
- " englne performance can best be discussed by considering what happens Ch

" %0 -a pressure downstream of the diffuser grid as fuel flow is changed. L
Thig has been done in figure 11 where a schematic diagram of an: XY. . '
recorder plot is presented. Pressure is shown as a function of fuel

. flow for essentially steady-state conditions At low fuel-air ratios

(low fuel flows) the combustor is not in screech (point A), and as fuel-.

air ratio is raised, the pressure level in the engine increases; ina 3“~ ¢w ;;g

normal manner. A fuel-alr ratio is finally reached (point B) at which- "

screech occurs, and almost instantaneously the pressure level .in the’ "‘Q “a T

_engine rises to a higher level (point c) without a change in fuel-air '

ratio. With the combustor in screech a further increase in fuel-air: O .

ratio railses the pressure to a condition near blow-out (point D). As”'r S

- .fuel-air ratio is decreased, the pressure in the engine retraces its, ' U
" steps to point C. A further reduction in fuel-air ratio below this

point, however, does not reduce the pressure level to point B. Instead’

the combustor continues in screech, and the engine pressure level . o

. remains high until the fuel-air ratio is reduced to point E. At this Co

' condition the combustor screech ceases, and the pressure decreases to-

point ¥, which is back on the original non-screech curve AB. Thus, at . s

the intermediate fuel-air ratios two digtinet levels of performance are ,;/V;

possible. It also might be pointed out that the fuel-air ratio at R

which sereech commences sometimes varies for identical inlet conditionk-

resulting in occasional Inconsistencies in the engine performance and

rich bldw-out limits.. .

4.5&16”75

, A second combustor phenomenon which occurred exclﬁsively with the .
step-flameholder configurations was called’ combustionﬁﬁuzz and had a
frequency of about 90 cycles per second. It occurredxﬁﬁrticularly with
- step-flameholder configurations A and B and was largely eliminated from
configurations C and :D. Combustion buzz generally occurred at fuel-.
air ratios above 0.U50 and did not affect the engine performance in the
same discontinuous manner that screech did. However, buzz did result
in high~amplitude oscillations in the diffuser normal-shock system
which at certain conditions made the diffuser visually appear to be .
. suberitical even though the mean shock position was supercritical. A
further mention of this phenomenon, namely shock oscillation due to )
- combustor buzz, will be made in later sections of this report. i

‘ - Effect: of yaw, diffuser rotation, and variations of inlet and exit
areas on the performance and rich blow-out limits of the standard engine -
configuration. - Engine performance with dual-pressure fuel injection is
presented in figure 12 showing the effect of yaw, diffuser ‘rotation, and’
small variations of inlet and exit area on the standard engine con~
figuration at an altitude.of 60,000 feet on a Miami cold day at an anglev

of attack of 0°. These data were obtained by increasing fuel flow
Buccessively_from low to high values. Combustion efficlency, exhaust- i,
gas.total pressure, combustor pressure ratio, diffuser pressure recovery

CONFIDENTTAL
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" and het-thrust coefficient are presented as functions of fuel-air ratio.

The cross-hatched bars in this figure indicate the fuel-air ratios at T
which screech began as fuel flow was ‘increased, and the fuel-air ratios = -
at which rich blow-out occurred. The data show that the effect of yaw
(up to 2°) and a diffuser rotation of 45° is negligible except at +20°

‘yaw in the screech region, where the performance is slightly reduced.

Increasing the exit-area ratio from 0.703 to 0.719 of the combustion-T
chamber area had no discernible effect on combustion efficiency at a

“‘given fuel-air ratio but did reduce the diffuser pressure recovery -and
'in the screech region reduced the combustor pressure ratio. The lower .«

pressure st the exhaust nozzle resulted 1n a reduction in the net-thrust -
coefficient on the order of 0.02 to 0.03. This reduced pressure stems ‘
from the increased exit ares while maintaining a constant inlet temper-
ature and air flow. Decreasing the inlet area from 0.403 to 0. 397 of
the combustion-chamber area had no measurable effect on the engine
performance. .
Engine rich blow-out data for these same engine modifications and :
orientations for two modes of fuel injection are presented in figure 13
where blow-out engine pressure recovery, diffuser pressure recovery, L
and fuel-air ratio are plotted against angle of attack. Rich blow-out.
limits for several different inlet conditions are presented.< Tnasmuch
as the data at all inlet conditions shown in figure 13 show generally’
the same result, the discussion will center around the data of figure .
15(a), which is for an altitude of 50,000 feet on a Miami hot day with.
single-pressure-fuel injection. Within the reproducibility of the data,
the effect of yaw and diffuser rotation on the engine rich blow-out .

*. limits were negligible. Increasing the exit area or decreasing the

inlet area generally raised the fuel-air ratio at which blow-out occurred. 

. These higher blow—eut fuel-air ratios were more proﬁinent at negative

angles of attack. Although the above mentioned area; changes increased

“the blow-out fuel-air ratios, the diffuser and engine Pressure recoveries

at blow-out were #ot discernibly different from the standard engine
configuration. This insensitivity of diffuser and engine pressure recov-
eries at blow-out to inlet- and exit-area c¢hanges can.be explained by
the fact that blow-out results from subcritical diffuser buzz (ref. 3).
Thus for a given angle of attack, changes in inlet and:exit ares would

‘not be expected to affect the diffuser or engine blow-dut recoveries

even though an increased fuel-air ratio is required to drive the dlffuser :
into buzz with a smaller inlet or a larger exit. -

The data of figure 13 also show that there was a marked change in
blow-out fuel-air ratio with angle of attack, particularly with single- °
pressure fuel injection at an altitude of 50,000 feet (figs. 13(a) ‘and
(v)). The reduced effect of angle of attack on fuel-air-ratio blow-
out shown in figure 13(c¢) is primarily a result of decreased combustion,
efficiency which accompanies an increase in altitude. :

CONFIDENTIAL
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.The significance of the data shown in figures 12 and 13 may be <
summarized by considering the data in two groups. First, diffuser rota-
tion and small angles of yaw were found to have a negligible effect:.on

- both the engine performance and rich blow-out limits. . Second, small .
changes in inlet and exit area, investigated in an attempt to raise the
‘maximum engine thrust, resulted in small changes in the engine rich
blow-out limits. However, extending these limits did not- sizably (if

at all) increase the maximum thrust, inasmuch as thrust is relatively
constant with increasing fuel-air ratio in the screeching region."

Comparison of the performance and rich blow-out limits of four
step-flameholder configurations. -~ The performance of four step--
flameholder configurations is compared for a Miami cold day with dual-
pressure fuel injection in figure 14 where combustion effieiency, com-
bustor total-pressure ratio, and net-thrust coefficient are presented
‘ag functions of fuel-air ratio. The data are for an altitude of 50,000
feet at angles of attack of +4° and +7° and an-altitude of 60,000 feet
.at an angle of attack of 0°. As indicated previously, the four con-
figurations -differed in flameholder details, and the axial location of"
the fuel nozzles varied for configurations C and D from that of the first.
~two configurations. The cross-hatched. bars in this figure show the fuel- .
air ratio at which combustor buzz was encountered as fuel-air ratio was .
increased. Those which are not cross-hatched did not encounter combus- ..
tor buzz. The bars also indicate the fuel-air ratio at which rich blow--‘ﬂ
out occurred. The dip in the combustion-efficiency curve at low fuel- = -
alr ratios is associated with very poor burning in the outer-fuel-
nozzle zone at these fuel-air ratios. Except at low fuel-air ratios. at
an altitude of 60,000 feet the combustion efficiency and net-thrust .
coefficient of configuration D were as good or better than those of the
other three configurations. More significant however, is the improve~

ment in the rich blow-out limits of configuration D which permitted this
"configuration to obtain considerably higher maximum efficiencies and
thrust coefficients than those possible with configurations A, B, and C. ‘
Thus at the conditions for which the data are presented, configuration

D resulted in maximum combustion efficiencies between 0.85 and 0.90 as '
compared with from 0.63 to 0.80 for the other three configurations.
Similarly, the maximum net-thrust coefficients were between 0.80 .and
-0.90 for configuration D as compared with from 0.55 to O. 80 for con-
figurations A, B, and C. . .

‘ The maximum fuel-air ratio at which data were obtained with con-

. figurations A and B are in some cases designated as subcritical in fig-
..ure l4. . These data had lower combustor heat releases than other data

- obtained 'with configurations C and D, which were not designated sub- '
critical.. An explanation of. this can be found in the previous, discus-
sion on combustor: buzz which indicated that the normal shock system, o

. oscillated. This results in the diffuser normal ‘shock positioning it4-e i

self instantaneously at points of ‘higher recovery than the steady-state -
values indicate. It is’ doubtful if the inlet would have operated sub-: :
critically with configuration A and B, either. transiently or stably, had -
it not’ been for combustor buzz. .
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Inasmuch as for all step-flameholder configurations the flameholder -
blockage and the engine temperature ratio were almost identical, the -
combustor total-pressure ratio was the same for all configurations at a -
given fuel-alr ratio. Combustor pressure ratios are not presented for
configuration D at the lower fuel-air ratios because the calculated
station 2 total pressure (diffuser_outlet) appeared to be unreliable.

Cét

Combustor buzz which was prevalent for configurations A and B was

 all but eliminated with configurations C and D. No screech was en-

countered with the step-flameholder configurations except inconsistently
at high fuel—air ratios with configuration D.

Typical blow-out limits of the step-flameholder configurations are .
presented in figure 15 for an altitude of 50,000 feet, on a Miami cold -
day, and dual—pressure fuel injection. Configuration D had marked . oo
superiority over the other three configurations having blow-out fuel-air -
ratios of about 0.0l higher than the best of the other three configur-

.ations. Within the accuracy at which blow-out data were obtained, the .

diffuser and engine pressure recoveries at blow-out for configuration

- D were approximately the same' as those’ of the annular-V-gutter- L
. £lameholder configuration (see fig. 12). This would indicate that, for

configuration D, the blow-out resulted from inlet instebilities (dif-

- fuser buzz) as did those of the V-gutter-flameholder configuration. The:' -

blow-outs of the other three step-flamehoider,configurdtions‘would then

. seem to be directly attributable to rich combustion blow-out. However,:

as indicated previously, shadowgraph £ilms revealed the posgsibility that .
combustor buzz in the case of configurations A and B and rough burning

'(a less noticeablé buzz) in the case of configuration C resulted in'a "p*,

pulsating normal é ock system which may have initiated diffuser buzz at -

'measured steadyhst te pressure recoveries below thoaé normally expected.l,.{
4#ngle of attack had only a minor effect on the blow;out fuel-air ratios B

. 'i:l' r A S . .o .;n.

for all the c0nfigurations. : o Ch

Comgarison of the performance of the iSentropic-Inlet diffuser ‘and .,wu
the 500-single-cdne inlet. - The" maximum diffuser predsure recovery. and..ga

‘eritical air-flow ratio as’ functions of angle of attack for .the -isen- el

tropic and. 50°-sing1e-cone inlets are presented in figure 16. -These L u}

* curves represent values obtained from faired data curves. :The. ‘eritical .

air-flow ratio is defined as the ratio of actual. air flow at the diffuser :

‘inlet to the maximum air flow determined from the projected cowl—lip g'jfﬁ

area ‘and free-stream conditions at the Mach number in question._ The v‘,."

"f,,isentropic inlet had a peak diffuser pressure recovery of from:0.10 to
:,0 .13 higher than the 50°-single-cone inlet depending on: the angle of -

attack. - However, the critical air-flow ratio of the. isentropic inlet .'45“;

. ‘was about 0.04 less than that of the 50°—single-cone -inlet. This reduc-'v'_
" tion in critical air-flow ratio.(increased spillage) ‘for the . isentropic LSV
. inlet will résult in an 1ncrease in the diffuser drag. Even if. the ' e

critical air-flov ratio were the same for the two inlets, the

. .o . . [ P e B
e . . ) o . NS B
A ) . Sy
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o

‘:’iéentropic inlet would have greater drag due to the. increased pro-
Jected area of the cowl lip that is necessary to accommodate the .

Sy increased flow angles associated with this type of inlet. ' The Mach-

 number distribution at the diffuser outlet for the isentropic-inlet
,+  diffuser did not differ greatly from those for the 50°-single-cone—
- rinlet diffuser,

beo

‘ Experience gained during the investigation indicated that, at

o angles of attack greater than 49, the. isentropic inlet had only 'a small

'».vues of pressure recovery remained relatlvely high.

margin of stable subcritical operation as’ compared to that for the 50° f %,
- single-cone inlet. ‘In addi%ion, once this small margin of stable pper- R
" ation was exceeded, the recovery of the isentropic inlet decreased dis~" . "
'continuously to very low values, while in the case of the single-cone-‘ .
inlet even though diffuser buzz might be encountered, the average val- SRR

L i, : \.;f

Comparison of the engine performance and rich blow—out 1imits of S
" the standard engine, step-flameholder D, and 1sentrqpie-inlet config-' 'fkq
‘urations. - A comparison of the engine performance of ‘the. standard. - .oty
‘ engine, step-flameholder D, and, ‘isentropic-inlet configurations is- prei“
sented in figure 17 where combustion efficiency; diffuser pressure . .
recovery, combustor. total-pressure ratio, and net-thrust ‘coefficient -
. are shown as functions of fuel-air ratio. The data are preSented for»
‘a Miami cold day with dual-pressure fuel injection. 'The data'of .fig-'.. "”7

“Jr_ure 17(a) were obtained at an altitude of 60,000 féet: &t 0° ‘angle of 'AQf(
.+ ‘attack, while the data of figure l?(b) were obtalned at an altitude of HE A

f'S0,000 feet at a +4° angle of" attack. ' - S _ , ,leif

3 0-‘

In general, aﬁ a given fuel—air ratio the combﬁstion efficiency, .
diffuser-pressure . recovery, and net-thrust coefficient were highest for
the 1sentropic-inlet configuration and lowest for the step—flameholdef y
configuration. The higher net-thrust coefficient obmained ‘with the" ,;;w ,?p

".isentropic—inlet‘configuration was 'due to increase in diffuser-pressure

_f‘recovery attained with.this type of inlet. The step—flameholder con---yfjfﬂ
. figuration had the highest combustor total-pressure ratio of the three '

"<;configurations, due primarily ‘to ‘the reduced‘blockage of the step flame? L

. holder. Even though the net-thrust coefficient 'of ' the standard: engine\.

- configuration was. generally higher at a given fuel-air ratio than that -

of the step-flameholder configuration, the peak net-thrust’ coefficientt’_,

‘of the latter configuration was higher due to its increased rich blow—'f
out limit and combustor pressure ratio ‘ S

The rich blow-out fuel—air ratio and engine pressure recovery of

~ the three configurations are compared in figure 18. These data were '
o obtained at an altitude of 50,000 feet on a Miami cold day. The data L
are for single-pressure fuel -injection except for the step-flameholder C
configuration which was taken with dual-pressure fuel injection. How-
ever, the data are considered comparable inasmuch as the blow-outs for

CONFIDENTTIAL
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this configuration all occurred at a fuel-air ratio of about 0. 07, which
would give approximately equal fuel pressures in both.the inner, and out~

. .er manifolds. At 0° angle of attack the standard engine and the step- o

flameholder configuration have approximately the same blow-out fuel- ‘
air ratio while the’ isentropic -inlet configuration has a limit somewhat e
higher. ‘With the assumption of a symmetrical curve of blow~out fuel-- ER)

-air-ratio for the standard engine conflguration similar to the, data of 3j~‘

figure 12,  at angles of attack of +7° the standard engine fuel-air ratio!

}‘at blow-out is considerably less than the’ other two configurations; which
are sbout equal. The blow-out llmlts are least affected by angle of- *;gf

‘attack for. the step—flameholder conflguration while in the case of’ the

Lair: ratlo occurred as angle of attack was changed from 0° to ~7°

B .

, CONCLUDING REMARKS | f"»w'* N @'ff%?h ';’

The free-jet performance of several configurations of the XRJ45-MAr5 -ﬂ

'ramrjet engine were obtained in.an altitude test chamber at the: NACA ﬁﬁeff”'

‘Lewis laboratory., Data obtained with the standard engipe configuration:, ﬂfﬂ

“‘had little or no effect on the performance or rich. bIOWbout limits oft’

" the standard engine configuration. Increasing the exit area or’ decreas-
ing the inlet area of this same conflguration resulted" in only small

improvements in the engine rich blow-out limits. These improvements do
not appreciably increase the maximum thrust attainable inasmuch as thrust
18 relatively constant with 1ncreasing fuel—air ratio near, the engine s
blow—out limit. I N e e an

' The comparison of an isentropic—lnlet diffuser to the 50°-single-f

'( inlet diffuser showed that the diffuser pressure recovery ‘could: be 7..‘;5wj‘

. improved from 10 to 1% points although the critical air-flow ratio

declined about fohr points; however, the gains in diffuser recovery P
_may be offset by increased drag (due partly to the decreased critical—_ B
air—flow ratio). N

Comparison of the three main configurations indicates that the

B isentropic-inlet configuration had the highest peak net-thrust coef—
. ficient and the standard engine configuration the lowest. The step-

‘Plameholder configuration had higher rich blow-out limits and combustor-,h
pressure ratios than the standard engine configuration, but it oper-, -
ated at lower combustion efficiencies. In additionm, the step-

flameholder configuration, which essentially eliminated combustor

"' screech and buzz, had rich blow-out limits that were far less sensitivef’~“”'

to angle of attack than the other two configurations. o Vo

Lewis Flight Propulsion Iaboratory
‘National Advisory Committee for Aeronautics
Cleveland, Ohio, ‘August 26, 1955 . Lo PN R
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| APPENDIX A

_ BYMBOLS ; Lf,f-f B T S
i?JThe following symbols are used in this report°"‘:’;

,rarea, sq ft e T ‘j :]'; -T{T“.

‘Qcoefficient

+

ﬂt‘thrust o '“;;‘* i “n‘u-._ i ,

;;gif

iﬂéie ‘acceleration due to. gravity, 52 17 ft/sec "- 3]ﬂ5wwjb

M fe‘Mach number v R ,‘f']"ﬁ“i'»:( o
;*MCDf Miami cold day temperaturew;“” | L
: MHD1£M1ami hot day temperature L
1:P'1_Ltotal pressure, Ib/sq ft abs : j’f~j'f;4 ;j"e%f;f:Vii'
' static pressure, lb/sq £t abs ?i;’ e
9 ,gas constant, 53. 34 ft-lb/(lb)(oR)

3

» ;.total temperature, %R

<. A =° ©°

1'fVelocity, ft/seci ‘ S ,~}eiJj .i’

'~weight flow, Ibfsec

R

,fd,ti angle of attack o : , fe
‘irtl ratio of specific heats.fﬁ“
.ﬁf' 'efficiency

p . density, 1b/cu ft | ‘ o ,
. - L - e
‘»c; | comﬁuetion ' o -.»'f:*‘-f; TﬂxGQ;f“‘;

4 discharge
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. flow operation

~f; these parameters are given in references 1.to 3.»
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" APPENDIX B

]

METHODS OF CATCULATTON g j"'f" .

'Engine air-flow callbration. - The: engine air flow was determined :‘,u
during nonburning conditions with the air-flow calibrator (refs. 1 to 3)

;ffrom the equation

4

3 P i, ,vs 2, brs 7 BETNFEAEE R
3;5 = R 4,5 VL =;4‘“f'~~ =

”‘From information supplied by the manufacturer and small—scale nozzle

: tests, a nozzle-discharge coefficient Cd 5 = , 0. 975 was used. Also, .;f 5f;f

As 2.996 square feet, and 75 =7/5." BecauSe TO T5 for cold-,y

i o ‘-.,, . ' . ‘,‘. . ‘ PQ | ‘l "‘“ » ‘o
During supercritical diffuser operation, the value of w 5\/—-/P

a constant at a. given angle of attack, inlet temperature, gnd flight
! Mnch number. The. values’ of this mass-flow. constant as ‘a function éf

. . e
Ry PR

Engine air flow? Engine air flow during burning conditions was'-

“”.calculated from the values of . To and Py - and’ the mass-flow. constants“w_ff

:j>.that Were determined during the air—flow calibrationa ‘Inasmuch as: verxe
~little. data were obtainedein the subcritical operating: region and even.
'~ then the margin was quite small, no corrections in the mass-flow con-~
Vstants were assumed for subcritical diffuser operation f,; , H..- . S

Diffuser-outlet totalgpressure. - In the cases where it vas neces- =j:ii

,'sary to calculate a diffuser-outlet total pressure (step-flameholder
configurations and other configurations when they were compared) the

total pressure was calculated at engine station 72 using the equation f“”f'“

. '.‘ ‘ !:1 , N ‘
- L

+ oo v
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‘where Mach number was obtained from the following relation

7] (R i Mé)l/z +-Q/_§ffﬁiiﬁ?' T
- 2 “Nyg DA S

3
N

17

‘Inlet mass-flow ratio. - The inlet-mass-flow'fatid ﬁaé;cal¢nlafédf ,

 ;'to.present the diffuser perfofmence. A small quantity of air was bled

.qverboard'to simulate that used by the air-turbine-driven.fuel puﬁp'in,‘J

flight. Thé air bleed was determined to be about one percent of. the

7‘»engine air flow, so that

T

b

o ‘héfé;_ﬁbi= 4ia%,1:71? square feét,»anﬂx,ro;é 7/S;Zt§ent: . “i ‘

C 1,553 ——==

-wa,5 _ - , . “1ﬁfa.‘

Co aJlul [ . TQ"'l . "‘,.,":, o

»”r.. \ A F . r’ -1 (‘ro-U [T
08 0- MZ_ e
of, o e

AoPoMo RT ¥

Exhaust-gas#tegggrature, = The exhaust~gas temperature uas4ca1-'
culated from the. follpwing equation. ; . B

3  ; “ ?5+1“»4 1

.‘5~u~ r +

1

. CONFIDENTTAL Sl
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 Combustion efficiency. - The combustion‘efficiencyfwas,definedzeehA

5 ‘T-Td,‘ . s
’“c _AT .

.-

idedl

‘where Amideal was obtained from reference 4, TO, and the fuel—air e

‘ rati O.

",A‘ A

Net-thrust coefficient. The net-thrust coefficient defined as

| where'the net thrist is defined &s

a,O _/-

B 2 . . 2 " . ‘,.|.l . ",.‘ . s :
poVO YOPOMO, - H ’.‘ . .* ". .;;\.

- A o “ AL

. then . - '.‘ . . ‘ . . . : . “»: :‘ ] .. ':’:”h'j : ,K' - B

[}

oPOAOMQ
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- F{ .,?0 2
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Sihce Ay = 1.719 square feet, Ag = 2. 996 squa.re feet, As = 4 276 squa.re
| feet, Ty = 7/5, Ts = 9/7, a, s = 0.975, and = 0. 97,

RM ESSCZB, 1955.,

- . . ""u-‘v
N . ‘: |4, '

. formance of XRJ43-MA~3‘Ra.m-Jet Engine at a Mach Number of .2 70, K
NACA RM E55D08 s 1955° ' 4

.Jet Performance of XRJ43-MA-3 Ram-Jet Engine at Simulated FJ,ight ’
' Mach Num'ber of 2.35. NACA RM E55E12, 19585, . A

"}’4. Mulrea.dy, Richard C.z The ‘Tdeal Temperature Rise: Due to the Constant
Pressure Combustion of Hydroecarbon Fuels. M.I.T. Meteor Rep. UAC—S, .'. =

Res. Dept., United Aircraft Corp., July 1947, (BuOrd Contract
NOrd 9845. ) L SRR
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3. : W
M S
, The quantity w / was assumed %o be constant for ea.ch 1nlet tem-
> pera.ture 2 a.ngle of atta,ck, a.nd. flight Mach number as previously shovn. Lo .
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TABLE I. - PERFORMANCE OF
I I RO " - )
o : ! (a) Standard éngine. (yaw,
Run|{ Altitude, | Angle of | Free- Pree- . | Diffuser | Exhaust- | Inner- | Outer-| Totel |Combustor| Imer- | oOuter.
3 < 2 attack, { stream strean outlet nozzle ring ring fuel |eritical | ring ' ring
a, - total fotal total tofal | fuel Iuel flow, | air flow, | fuel-air | fpel-air |
" - deg tewper- } preasure, | pressure, | pressure, | flow, flow, MNPy Wg,52 ! ' ratio,: ratio,
. ature, Po» 25 Pey we, iy | We oo 1b/s6c | 1b/sec | %e,1/¥a,s | ¥f,0/Ma,5
Tos P 1b 1b/see | 1n/sec , L
%R 8q abs | 8q £t abs | Bq Tt abs ’ . :
. ' . . Inner-ring-only
1 60,000 ] 36 - 2036 1026 840 1.00 [ 1.00 "} ' 27.42 0.0365 o .
2 1. 4 736 2027 1012 832 _1.02 4] 1.02 27.22 0375 o
- : ) Dual-pressure :
3 'GO,YOOO 759 2040 1123 929 1.02 0.18 1.20 27.43 0.0372 0.00866.
4 . . B 740 2043 1209 1009 1.01 a2 1.33 27.45 © .0368 <0117
5 “ 740 2043 1276 1069 1.00 47 1.47 '27.45 L0364 L0171
[ . 738 2026 1365 1124 1.02 .61 1.63 27.29 0374 0224
7 i 736 '2930 1366 1129 1.01 .70 1.71 27.34 20369 ) 0256
8 - 4 736 2032 1105 9is 1,00 .18 1.18 27.29 .056’5 0066
9 . 736 2027 118l 991 1.01 .32 1.33 27.22 0371 .0118
10 - ’ 756 2026 1245 1047 1.00 47 1.47 27.21 0368 ,0173
11 ’ 736 2029 1299 1085 1.00 .88 1.58 27.25 0367 0213
, . ) : Single-pressure
12 50,000 [ 822 3281 2219 1817 s .22 42.29 ———
13 4 816 3279 2183 1813 2.60 42.29°
14 -4 817 3285 2234 1853 89 42,42
(b) Standard engine (yaw,
Run | 'Altdtude » | Angle of | Free- Free- Diffuser- | Exhaust- | Inner- }Outer-} Total - Combustor| Inner- Outer~
31 . attack, | stream stream outlet . nozzle ring ring fuel critical ring ring
a, total total total total fuel fuel flow, jair flow, | fuel-air | fuel-air
deg 4 temper- | pressure, | pressure, | pressure, fléw', tlow, ¥, Wa,5 rutio, ratio,
ature, 0r 29 Pg, WE,1s | Wp o0} 1b/Bec | 1b/mec We.1/Wa,5 | ¥r,0/¥a,5)
EO' 1b oAb ib 1b/sec | 1b/8ec |-
R B4 Tt abs | 8q £t abs Bq Lt abs A ¢ s
. ] : Inner-ring-only
1 60,060 0 738 2033 1022 836 1.01 ] i.01 27.34 0.0369 o
2 4 356 2041 99 828 1.01 0, 1.01 27.41 . ~0368 L] .
. . . Dual-pressure
3 60,000 0 758 2054 1098 900 1.01 0.17 1.18 27.35 0.0369 0.0062
4 739 2033 1198 998 l1.01 33 1.34 27.33 0369 0121
5 738 20386 1381 1140 1.00 .49 1.49 27.38 0365 .0179
6 739 2037 1383 1147 1.01 .63 1.64 217.38 0369 0230
7 740" 2037 1366 1135 1.0 .74 4 1.75 27.36. 0369 0270
8 4 738 2039 1071 876 .99 .16 1.156 27.39 .0361 .0058
.9 73% 2039 1150 963 1.00 +30 1.30 27.37 0365 .0110
10 737 2040 ——— 1023 1.00 A2 1.42 27.38 0365 .0153
11 737 2040 12711 1072 1.00 83 1.53 27.38 0365 0194
12 737 2040 1283 1078 1.12 .61 1.63 27.38 .0409 .0186
13 137 2042 1321 1120 1.12 .62 1.74 27.41 0409 0226
: i K Single-presaure
14 0,000 ] 817 3285 2288 1896 m——— 3.02 42,60 ——— ————
15 4 813 ‘3274 2187 1835 * ———— 2.59 42,32 ————— ———————
16 -4 816 3272 2236 1867 ———— 2.78 , 42.27 -
17 7 815 3275 2081 1728 — 2.17 41.87 ——
18 . -7 817 32713 2173 1806 ——— 2.59 41.90 ———
' (c) Standatd engine
Run | Altitude, Angle of Free- Pree~ Diffuser Exhaust- Inner- { Outer-] Total . Combustor Inner-, Quter-
27 attack, | stream stream outlet nozzle ring ring: fuel |opritical ring Ting
v total total total total fuel fuel flow, jair flow, | fuel-air | fuel-air
deg per pr s | pr I » flow, flow, L ¥a,5¢ ratio, ratio,
agure, Po» Po, Ps, w40 "5.0’ 1b/sec | b/kec | Wr,i/¥a,5 | wr,o/¥a,s
0s 1b 1b ib 1b/sec R
R aq ft abs | 8q Tt abs | aq It abs 1v/sec A . .
Inner-ring-only
1 €0,000 - ] 136 2053 1014 819 1.01 (7] ' 1.01 27.65 ' 0.0365 (]
2 4 736 2041 280 802 1.00 o 1.00 27.41 0365 [+] :
j ’ Dual-pressure
3 éT),OOO 9 57 2021 1061 810 1.01 0.18 1.17 27.20 0.0371 0.0059
4 738 2052 1172 975 1.00 .32 1.32 27.80 .0362 .0116
5 739 2045 12561 1054 «99 49 1.48 27.49 .0360 .0178
8 739 2025 1374 1113 1.01 +65 1.66 27.22. 0371 .0239
K4 737 2036 1390 1126 1.01 .76 1.77 27.40 0369 0277
8 ‘ 734 2040 1384 1126 1.01 .80 1.81 27.51 0367 £H291
9 737 2042 1069 875 1.01 .16 1.17 27.41 0369 .0058
10 738 2044 1167 916 1.00 33 1.33 27 .41 +0365 .0120
11 739 2043 1229 1028 1.00 . .45 1.45 27.39 »0365 <0164
12 739 2042 1230 won 1.00 .60 1.60 27.38 .0365 .0219
. . slngle-prnnur'a
13 50,000 4 738 3282 2370 1131 ——— m——— 2.13 44.02 ——— ————
14 738 s287 2183 1754 ———— 2.24 44,09 ———— S
15 738 3285 2185 1766 ——— 2,33 44.08 ————— mem—n
16 738 3283 2127 1735 —rmm 2.37 44,03 | -oeeos m—————
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 SEVERAL ENGINE CONFIGURATIONS
'+29); flight Mach number, 2.35

i

Net thruat

Combustor

Diftuser

“Over-all |Diffuser | Diffuser | Engine | C ( lon .
fuel-dlr | outlet | total- total- total- gas total efficiency, | coefficlent,| remarks .operating
ratio, Mach pressuré | pressure | pressure | temperature, e Cen N ; - ‘point’. .
we/ ¥a,5 number, | recovery, ratio, ratio, 5, ' 0 "
. Ha Po/Po Ps/Fo Ps/Pp °r R
e - T T
. fuel injection , . P [T

0.0365 0.408 0.504 0.413 0.819 1988 0.542 0.320 No screech | Supercritical 1

-0375 .380 .499 +413 -822 1975 .525 +315 No n‘crceqp Superctiti..cgl 2
ifuel inJection ' K ) L. o,

0.0438 0.360 0.551 0.455 0.827 2379 0.610 0.458 No acreech | Supercpitical 3
.0485 336 592 .494 ' .835 2756 , «688 +581 ‘ 4

V- .0535 310 625 2525 .838, 3056 <744 676, } k 5
.0598 275 674 .555 .823 3362 2799 277 * Sereech Subicritical 6
.0825 .258 673 +556 .827 3349 .783 .782 8creech subc‘ritica_;l 7

\ 0432 342 544 .450 .828 2334 599 444 No e-vreech si:perc‘-itl'qnl 8
.0489 2310 .583 489 839 2701 672 567 ) 18
.0541 .291 .615 517 .841 2981 .720 -657 +10
.0580 , +305 .640 .535 .835 3165 . 150 «715 . 1
fuel injection K .

! 0.0761 0.289 0.676 0.554 0.819 3458 0.795 0.766 Sereech Suberitical 12
0815 303 ' .666 563 .851 3620 * .855 + 765 . Critical’ | 13
.0681 .282 €80 564 -830 3684 .856 .800 Critical 14

; > ™
. -2%); flight Mach number, 2.35 N
,Over-all | Diffuser | Diffuser Engine Combustor Exhaust- Combustion | Net thrpsf Combustor Diffuser Run
fuel-air { outlet total- total- total gas total efficiency,j coefficlent, remarka operating

ratio, - Mach pressure | pressure | pressure | temperature, o Cp.n . . point

we/Wg 5 number, | recovery, | ratlo, ratio, Ts, ’
Po o Pg/Py °r ' .
+ g
fuel injectlon .

0.0369 0.388 0.503 0.411 0.818 1979 0.531 0.316 No screech | Supercritical 1
.0368 386 .488 «406 .832 1932 514 .300 °“.j No screech | Supercritical 2

fuel injedtion

0.0431 0.354 0.539 0.443 0.821 2249 0.569 0.416 No screech | Supercritical’ 3
04590 330 589 491 .833 2721 677 572 No screech | Supercritical 4
0544 .265 678 560" 826 3487 877 . 79¢ Screech - Critical 5
.0599 +248 679 +563 .829 3476 832 -804 Subepritical 6
0639 .262 671 #8557 .831 3366 . 783 .785 Subcritical 7

0.0419 365 5k 430 .818 2132 .536 377 No screech | Supercritical 8
20475 .323 + 548 472 837 2536 .629 514 9

y 0518 - ——ga +502 ——— 2826 .685 .608 10
0559 «306 623 526 +843 5066 729 .685 11
+0595 301 1829 .528 -840 3072 2713 694 12
0635 .288 1847 .548 -848 3273 758 .189. * 13

fuel injection . '

0.0709 0.282 b:694 0.575 0.829 3786 0.888 0.835 ¢] Screech Critical 14
0612 .289 1668 ., 561 -839 3710 .884 : . 790 i \ 15
.0658 .288 .683 571 .835 3793 .893 .821 18
L0518 +301 835 .+528 .830 3448 »874 £691 4 17
.0618 305 664 552 «831 3658 .865 <766 18

exit); flight Mach number, 2.3 ' '

Over-all | Diffuser | Diffuser Engine | C C on | Het thrust Combustor biffuser Run
fuel-alr | outlet total« totale total gas total efficiency,| coefficlent,{ 'remarks operating

ratio, MKach preasure | presaure | pressure temperature, N n . . point

"t/"a ,5 number, {recovery, ratlio, ratio, Ts » .
(s BB 2 °r .
fuel injection ) .

0.0365 0.404 0.494 0.399 0.808 1946 b.522 0.299 No screech | Supercritical 1

0365 ~401 480 +393 .818 1898 504 .282 No acreech | Supercritical 2
fuel injection ol .

0.0430 0.381 0.526 0.431 0.820 2225 0.559 0.403 ‘No screech Supercritical 3
0478 342 571 475 832 2676 .672 +549 B 4
.0538 .313 812 518 843 3127 +800 «680 5
+0610 260 .679 550 «810 3458 821 .792 8creech Suberitical &
0648 245 .683 .553 810 3456 .808 -804 ‘ . 7
.0858 +248 .678 .552 .814 3410 .92 +800 8
0427 367 .524 423 .819 2217 559 .398 NHo screech | Superecritical 3
+0485 +330 571 478 836 21s .680 .558 . 10
.0529 +322 602 503 837 2976 J123 643 1l
0584 323 532 525 .830 3186 152 712 12

fuel injection *

0.0484 0.317 0.661 0.527 0.798 3311 0.885 0.722 Soreech - | Subcritical 13
.0508 .308 664 5354 804 3364 .873 742 ) 14
.0529 .288 668 +538 .808 3394 .861 , 755 : b1
0838 .297 648 528 .816 3276 .812 725 Screech Suberitical 16

g fiashing busz .
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TABLE I. - Continued. PERFORMANCE
, (a) Standard engine (45° diffuser
Run | Altitude, | Angle of | Free- Pree- Diffuser- | Exhaust- | Inner- {Outer- |Total | Combustor | Inner- Outer~
£t attack, | stream stream outlet nozzle ring ring fuel | eritical. ring ring
a, total total total total | fuel fuel | flow, | air flow, | fuel-air | fuel-air
deg temper-| pressure, | pressure, | pressure, | flow, | flow, | wWp,- . 'ia,S' ratio, ' ratio, ’
atura, Eos Pa, Ps | ¥e s | ¥e oo [357sec) 1p/sec | ¥,1/™a,5 ]| ¥e,0™a,5
' 0r 1b 1b b ___ | 1b/sge | 1b/aec : '
°r Bq £t abs | sq £t aps | 89 £t abs .
' ) Inner-ring-only )
1 60,000 742 | 2042 1040 844 1.02 0 1.02 27.39 0.0372 /]
2 4 739 2041 1027 834 1.01 o] 1.01 27.36 © 0569 0
3 738 2039 1022 835 1.02 0 1.02 27.09 0377 0
R Dua.1~presbure
4 60,000 0 137 2039 1104 207 1,01 0.16 1.17 27.44 0.0368 0.0058
5 734 2038 1203 1005 1.00 32 1.32 27.49 0364 .0116
6 736 2037 1297 1094 1.00 .48 1.48 27.43 +0365 L0175
7 737 2043 1408 1153 1.00 085 | 1.65 27,50 0364 .0236.
8 . 137 2039 1399 1153 1.00 .80 1.80 27.44 03564 0292
] 4 739 . 2038 1111 981 1.00 .15 1.15 27.32 .0366 0055
10 139 2037 1208 1017 .99 .33 1.32 27.31 0363 .0121
11 739 2039 1284 1075 .99 «49 1.48 27.34 .0362 0179
¢ 136 2038 1320 1105 1.00 .58 '1.58 27.37 0385 0212
13 738 2040 1079 B94 1.01 .12 1.13 27.10 0373 0044
14 738 2037 1143 952 1.01 .22 1.23 27.06 0373 <0081
15 738 2037 1199 1003 1.01 .32 1.33 27.08 +0373 +0118
16 738 2040 1233 1028 1.00 +39 1.39 27.10 .0369 #0144
17 738 2038 1269 1057 1.00 .46 1.46 27.08 0369 0170
) ) Single-pressure
18 50,000 4 816 3276 2032 1647 1.83 42.26 ’
19 816 3275 2095 1705 2.04 42,24
20 815 327, 2139 1752 2.22 42.22
21 819 3267 2170 1791 2.44 42.06
22 820 3261 2184 1812 ———— 2.63 41.96
23 819 3269 2191 is8le ———— 2.80 42,09
: (e) Standard engine (modified
Run } Altitude, | Angle of | Free- Free-~ | Diffuser- |Exhaust- |Inner- |Outer- [Total Combustor | Inner~ Outer~ .
£t attack, |stream stream outlet nozzle ring ring fuel | eritical ring ring
a, total total total total fuel fuel flow, | air flow, | fuel-air | fuel-alr
deg | temper-¢] pressure, | pressure, |pressure, | flow, | flow, | wg, ¢ Wy 5s ratlo, | ratio,
ature, | Pg, Pa, Pg, e, 10| ¥£,00 lin/sec | iv/fec | ¥r,1/wa,§.|¥r,o/Ma,5
. Tos b1 1b 1b ib/sec |1b/sec A :
g #q £t aba | 8q £t abs |8q £t abs
N 1]
Dual-pressure
1 60,000 [+] 738 2048 1105 913 1.00. 0.18 1.18 27.11 0.0369 0,0066
2 ) 736 2038 1190 999 1.00 +33 1.33 27.01 0370 .0122 |
3 736 2041 1364 1128 »99 -48 1.47, 27.05 0366 L0177
4 736 2045 1387 1142 1.02 .59 1.61 27.11 0376 .0218
5 -~ 736 2044 1394 1153 1.01 .69 1.70 27.09 0373 .0255 ¢
6 4 740 2039 1115 920 1.00 .18 1.18 26 .88 0372 0067
7 739 2042 11639 975 .99 .31 1.30 26.94 .0367 L0115
B 739 2040 1230 1030 1.00 45 1.43 26.92 L0371 0160
9 739 2047 1261 1050 1.01 .48 1.49 27.01 0374 L0178
10 739 2042 1278 1068 1.00 53 1.53 26,94 0371 0197
Single-pressure
11 | 50,000 4 740 3284 2144 1750 2,13 43.30 - ———
12 740 32715 2155 1763 2.20. 43.18 - ——
i3 740 3280 2171 31779 2.28 AB3.24 -
14 740 32717 211 1782 2.38 43.20 -
15 740 3277 2163 1798 —— ———— 2.42 43.20 -
16 824 3265 2027 1674 “——— —— 2.01 41.25 ———
17 816 3297 2110 1754 —— —— 2.35 41.86 oo
18 810 3289 2160 1789 ——— ——— 2.46 41,91 ——————
19 816 3269 2181 1819 ———— —-—— 2.12 41.50 ——
20 817 3288 2205 1828 ——— m-e- | 2.89 41.68 —mm——

ote.
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OF SEVERAL ENGINE CONFIGURATIONS
rotation); flight Mach number, 2.35 : -

Over-all | Diffuser]| Diffuser Engitie | Combustor Exhaust- Combustion | Net thrust Conbustor Diffuser Run
fuel-air | outlet total total- | total- gas total | efficliency, ] coefficient, remarks . operating §.
ratio, Mach preasure | preasure| pressure temperature, Ny cF ' : point . .
bWy, ¥a,5 number, { recovery, ratio, ratio, D5 ' ,m : i | i
. Mz Po/Pp P5/Pg P5/Pp °R Co

fuel injection

0.0372 0.411 0.509 0.413 . 0.812 2010 0.540 0.323 No screech | Supercritical 1 R
0369 413 .503 «408 .812 1968 .526 .309 i . 2 ’
0377 393 <501 410 817 2005 .535 320 : 1 3

fuel injection . b

0.0426 0.379 0.541 0.445 0.822 2272 01587 0.424 No screech | Supercritical 4
.0480 .338 590 .1 . .493 .835 2735 691 579 . 5 i
.0540 297 637 537 844 3205 .790 ©® 721 i 6
.Q600- .235 .689 564 .819 3479 833 808 . , Screech ' Suberitical 7
.0656 .228 .686 566 .824 3435 .800 .812 Sereech Suberitical 8
.0421 372 545 .451 .826 2352 .619 444 No screech | Supercritical] 9
0484 327 ~593 499 .842 2836 © 723 : 601 110
0541 301 630 527 .B37 3110 .758 .691 11
0577 .296 .648 542 .837 3247 777 . 139 12
0417 »363 .529 .438 .829 2268 591 412 13
0454 340 +561 467 .833 2552 .658 5086 14
0491 .315 .589 492 +837 26803 704 .586 15!
0513 +302 604 504 834 2917 729 623 1e
»0539 308 623 519 .833 3071 <749 +670 17

fuel injection . . . .

0.0433 0.314 0.620 0.503 0.811 3154 0.885 0.604 ‘Screech [ Supereritical] 18 i
. 0483 +304 +640 521 .814 3332 .876 + o662 ! : Supercritical | 19 o
. ,0526 2297 .65¢ 536 .819 3480 876" 710 Critical 20 LT

.0580 294 664 548 .825 3610 «870 . 750 Suberitical |21
0627 .278 870 556 .830 3660 .861 774 g 22 '
.0665 263 +670 .556 .829 3614 .837 «I74 : 23
. .
)
inlet); flight Mach number,
& N N "
Over-all [Diffuser } Diffus | Engine - bustion |Net thruaty; | Combustor Diffuser Run
fuel-air § outlet total 3 , total- total- gas total efficiency, coefficient; | remarks operating .
ratio, Mach P € I'p e |pr temperature, Ne Cpn - point
wp/vy 5 number, | recoveryj:| ratioy ratio, - T, * : .\
- . ’ Mo Po/Pg s Ps5/Pg Pg/Pp - %z
o
- ; v ,
fuel injection’ . .
0,0435 0.365 0.540 0.446 0.826 ' 2355 . 0.603 0.439 B screech |Supercritical 1
0492 327 584 480 -840 2790 .699 582 Q)lo screech 2
0543 .250 668 553 827 3499 .882 , 183 " Sereech 43 B
0594 | .227 .878 .558 .B23 3518 -850 +801 Suberitical 4"
.0628 222 .682 564 .827 . 3556 . 8‘45 .819 . Suberitical 5
. 0439 ~343 547 451 .825 2426 624 459 No screech [Supercritical 6 =
0482 <320 573 «478 .834 2679 870 543 . . . 7
»0531 .288 603 505 .837 2953 L7158 .631 | . 8
L0552 .293 .616 513 833 3032 .724 657 ' 9
.0568 291 .626 523 .836 3139 . T47 689 ' 10
fuel injection X
0.0492 0.305 0.653 0.533 0.816 - 3332 0.881 0,722 Screech !Supercritical‘ 1 4
20509 301 .658 538 .818 3384 .879 .739 - . iSupercritical |12
—~eD527 .288 .662 »542 .819 3421 »871 +751 Suberitical 13
«0581" .27 .664 .547 +823 3453 .858 «766 - 14
05860 251 .660 .548 .830 3457 .852 <770 . 1s
«0487 .302 .621 513 828 © 3366 .880 T .646 Supercritical |16
.0538 .2856 .640 532 .851 3537 .883 .708 . : .17 .
.0587 «284 .654 544 832 3623 .872 . 746 . 18
0855 272 . 667 556 .834 3742 . +878 187 Critical 19
.0693 264 671 557 029 3697 .859 .787 . Subcrit.icnl 20 .
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TABIE I. - Continued. PERFORMANCE
, - ‘ (f) Step flameholder A; -
Run |Altitude, ] Angle of | Free~ | 'Free- Calculated | Bxhaust- Inner~ } Outer-| Total Combustor Inner-, Quter-
£33 attack, } stream stream diffuser- | nozzle ring | ring fuel | eritical ' ring ring .
‘ a, total total outlet total . fuel fuel fiow, | alr flow, | fuel-air | fuel-alr
deg temper- | pressure; total pressure, |- flow, flow, Wp, LT ratio, ratio,
ature, Py, pressure, Ps, We, 15 | W, o0 | b/sec) 1p/sec | ¥e,1/Ma,5] ¥e,0/¥a,5
Tos 18 Sy b ib/sec | 1b/sec ' ’ :
°g Bq ft abs 1 8q Tt abs ,
8q ft abs
. Inner-ring-only
1 {50,000 [} 738 32717 1345 + 1187 0.93 o 0.93 44.07 0.0211 I
2 o 817 3301 1387 1231 1.05 o -+ 1.05 42.68 0246 (]
3 4 740 3288 1335 1174 .94 o .94 44,05 0213 0
4. 4 819 3285 1337 1172 .90 | O .90 42,30 .0213 0
5 4 agl. 3288 1394 1227 1.08 o 1.06 22,28 |+ .0251 0
6 -4 737 3281 1343 1180 .93 ] .93 44.11 .0211 [
1 7 737 3279 1237 1079 93 | o .93 | L 43.60 .0213 0
a8 | so0,000 [ 737 2036 676 634 0.57 o 0.57 27.40 0,0208 0-
9 4 732 2050 724 651 .59 o .59 27.61 . 0214 o
. Dual -pressure
10 | 50,000 [ 738 3279 ,1385 1229 0.81 0.32 1.23 44.10 0.0206 0.0073
1n 738 3273 1433 1270 .92 64 1.56 44.02 . 0209 0145
12 738 3268 1603 1436 .95 1 1.0¢ 1.97 43.95. .0212 0237
13 739 3275 1917 1700 .93 1.45 | 2.38 44.03 0211 .0329
14 739 3273 1935 1705 .93 1.61 | 2.54 44.00 J0211 0366
15 819 3259 1419 1255 .07 |, ﬁ 1.38 42.07 -0254 L0074
16 816 3281 1459 1294 1.06 . 1.57 42.43 .0250 .0120
17 817 3296 1498 1331 1.04 .72 1.76 42.61 L0244 L0169,
18 818 3302 1590 1426 1.04 .94 1.98 42,66 0244, 1.0220
19 817 3280 1719 1532 1,06 1.04 | 2.10 42.41 .0250 L0245
20 820 3284 1900 1686 1.05 1,25 | 2.30 42.37 .0248 -0295
21 820 3289 1946 1722 1.06 1.39 | 2.45 42.43 .0250 .0328
22 821 3283 1960 1740 1.05 1.57 2.62 42,34 .0248 .03
23 4 740 3289 1375 1213 .91 .33 1.24 44.06 |, .0207 .0075
24 739 3277 1424 1262 .93 .64 | .,1.57 43.94 .0212 *.0146
25 738 3276 1708 1527 .94 1,04 1.98 43.94 0214 0237
26 . 738 3274 1870 1660 .93 1.46 | 2.39 43.91 .0212 .0332
27 819 3288 1378 1208 .89 .31 1.20 42.33 .0210 .0073
28 818 3275 1412 1247 .89 .51 1.40 42.20 0211 0121
29 818 3279 1242 1277 .88 .73 1.61 42.25 0208 L0173
30 818 3272 1574 1404 .88 .81 1.79 42.16 .0209 0216
31 818 3275 1759 1566 .90 1.11 | 2.00 42.20 .0213 0263
32 818 3272 1871 1660 .89 1.37 | 2.26 42.16 0211 L0325 .
33 818 3271 1879 1659 .89 1.60 | 2.49 42.15 ¢ .0211 .0380
3¢ 821 3278 1424 1256 1.0 .31 1.35 42.16 10247 L0074
35 816 3288 1463 1293 1.05 W50 | 1.55 42.41 0248 .0118
36 813 3290 1503 1334 1.04 72 1.76 42.52 0245 <0169
37 813 | 3289 1663 1484 1.04 .93 1.97 42,51 0245 .0219
36 812 [ 3289 1814 1618 1.04 1.2 | 2.16 42.52 0245 0263
35 a12 3295 1881 ' 1671 1,07 1.31 { 2.38 42,60 0251 .0308
40 817 3281 1903 1684 1,06 1.52 | 2.58 42.30 .0251 0359
41 -4 757 3277 1387 1215 .91 .35 § .26 14.08 0207 .0079
42 736 {| 3278 1420 1256 oyl .65 | 1.56 44.10 .0206 L0147
43 738 3277 1523 1354 92 | 1.01 § 1.93 44.02 .0209 -.0229
44 738 3274 1899 1683 .91 1.34 2.25 43.98 .0207 0308
45 740 3282 1899 1664 .91 1.57 2.48 44.04 .0207 0356
46 742 3278 1376 1207 .92 .32 1.24 43.92 0209 .0073
47 742 3273 1407 1241 .92 .51 1.43 43.85 |- ..0210 +,0116
48 741 3277 1454 1281 .93 .76 1.69 43.94 .0212 0173
49 741 3281 1542 1364 .92 1.02 1.94 44.00 0209 0232
50 741 3273 1874 1665 .92 1.2 2.16 43.89 .0210 10283
51 741 3286 1914 1697 .92 1.44 2.36 44.06 40209 0327
52 7 737 3286 1311 1144 W91 .32 1.23 43.69 0208 0073
53~ X 737 3278 1389 1220 .93 .65 1.58 43.59 .0213 0149
54 738 3279 1673 1488 .91 | 1.03 | 1.9 43,57 .0209 ,0236
55 739 3280 1800 1587 .93 1.44 2.37 43.57 |, .0213 L0331
g8 | 60,000 0 735 2036 830 721 0.57 | 0.20 | 0.77 27.44 0.0208 1 0.0073
57 735 2042 889 764 57 .38 .95 27.52 .0207 .0138
se 734 2041 893 789 .57 .56 1.13 27.32 0207 0203
59 133 2045 967 859 .58 .72 | 1.30 27.60 .0210 .0261
&0 138 2042 1206 1068 .58 .50 | 1.48 27.45 L0211 0328
|19 740 2043 1223 1087 .59 .96 | 1.55 27.45 0215 |+ ,0350
62 741 2039 1287 1138 .59 1.14 1.73 27.37 .0216 «0417
€3 4 737 2039 842 732 .58 20 .78 27437 L0212 0073
64 738 2042 873 766 .58 .38 .96 27.39 .0212 0139
65 738 2040 910 808 .57 .56 1.13 27.36 .0208 0205
&6 . 733 2043 922 817 .57 57 1.14 21.50 0207 0207
67 . 138 2037 1060 * 947 57 W72 ] 1.29 27.32 .0209 0264
68 738 2035 1139 1008 .58 .90 | 1.48 27.29 - L0213 .0330
€9 737 2039 1183 1045 .58 .96 1.54 27.37 0212 .0351
70 737 2036 1272 1115 57 ] 115 | 1.72 27.33 .0209 0421
' . Single-presaurs
n I 60,000 4 757 2046 1103 975 wone | =wee | 1.40 27,46 J— JEN——
i 739 2040 1146 1013 —— ———— 1.50 27.35 - —————
i . 741 2037 1199 1053 ——— — 1.59 27.21 ———— o
;; 737 2045 1244 1093 ——— e | 1.88 27.45 — -
737 2048 1262 1109 r——— w———e § 1,77 27.49 | memews —m———
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OF SEVERAL ENGINE CONFIGURATIONS

flight Mach numf)er, 2.35

2

L 2.1 2 1]
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Over-all [Diffuser]| Calculated | Engine |]Calculated ( don { Net bust T
fuel-air { outlet ‘diffuser total- |combustor gas total- efficlency, ] coefficlent, remarks, operating
ratio, ,Mach total- preasure total temperature, N, Cr,n . . point
We/ ¥a,5 nunber, pressure ratio, pressure > . . R
. v M, recovery, | Pg/Pgy ratio, .
Po/Po . P/P,
fuel injection .

\ 0.0211 0.499 0.410 0.362 0.883 1823 0.607 0.159 No buzz Supercritical 1
0246 .486 .423 «373 .881 1832 T L8112 .185 . : . 2
0213 .498 -406 357 879 1582 575 144 3
.0213 »511 .407 2357 877 1711 610 .135 4
»0251 «483 .42¢ 373 880 1852 .609 .188 5

. .0211 .50Q .409 360 .879 1602 +593 »151 6
0213 554 377 329 .872 , 1365 «429 .061 7

0.0208 0.712 0.332 0.311 0.938 1194 0.318 «~0.004 No buzz Supercritical | 8

.0214 .626 .353 .318 .899 1239 +343 018 No buzz | Supereritical | 9
fuel injection .

0.0279 0.480 0.422 0.375° 0.887 1692 0.514 0.199 No buzz Supercritical | 10
0354 «457 438 +388 .886 1768 454 242 . 11
~0449 +396 491 .439 896 2208 538 407" . . i2
+0540 2321 .585 .519 .887 3001 724 ¢ 662 Buzz Suberitical |13
0577 .318 591 .521 .881 2991 .696 .669 Buzz Suberitical’ |14
L0328 «467 +435 .365 +884 1908 W517 234 No buzz Supercritical | 16
.0370 .45¢4 <445 <394 887 1970 «498 .254 . 16
0413 441 455 «404 .8689 . 2039 »481 284 : 17
20464 410 .482 432 »897 2297 <531 374 i 1 18
0485 370 524 467.. +891 2659 631 .488 18
0543 <330 579 513 «887, 3185 764 637 Buzz Critical 20
0578 .322 .592 524 .885 3281 ° . 769 669 . . Suberitical |21 -
~0619 £318 .597 530 .888 532_5 162 +690 Suberitical {22
.0282 479 . -418 369 .882 1651 .489 R .182 No buzz Supercritical } 23
0357 .454 «435 +385 .886 17583 446 234 . 24
.0451 362 522 +466 +894 2493 636 494 25
0544 .326 571 .807 .888 2875 +681 .626 . Buzz Suberitical {26 -
0283 +480 «419 «367 877 1774 +515 170 No buzz Supercritlcal j27
0332 2472 431, .581 .883 1871 499 .212 . 28
0381 459 440 +380 886 1927 468 .240 29
0425 .409 .481 429 .892 2308 <575 368 30
0476 .359 .537 .478 .890 2821 .706 525 Buzz 31
+0536 +333 572 507 .887 3124 +750 .619 + Critlcal” 132
»0591 331 574 .507 +883 3074 698 ' 619 . Suberitidal |33 °
.0321 487 434 +383 .882 1808 527 ts220 No buzgz Supercrntical | 34
0366 .452 «445 393 .884 1969 +503 »283 35
0414 437 457 406 .888 2056 .487 291 X ' 36
0464 .385 .506 «451 .892 2504 .608 439 3 37
+0508 .348 562 «492 892 , 2940 .T14 569 Vi 38
0559 +354 571 .507 .888 3084 «721 .618 Buzz . 39
0810 +328 «580 5813 .885 3129 “707 »638 3 Buzz Suboritical |40

. 0286 .478 423 ! 37 876 1654 485 .187 No buzz Supercritical |41
.0353 462 433 583 .885 1727 442 227 ) 1. 42
0438 423 +465 413 .889 1962 +455 523 4 i 45
L0512 324 .580 .514 886 2971 . 740 <647 i Buzz R 44
0563 +325 .579 - 507 »876 2855 661 .625 i ‘Buzz Suberitical |45
.0282 <483 .420.;‘ 368 877 1644 483 179 “No buzz Supercritical | 46
0326 467 -430:7 <379 .882 1718 483 | 214 : 47
.0385 448 44 .391 .881 1793 437 ° +252 48
0441 417 4719 416 .865 1989 .461 .332 bo vuzz Supercritical | 49
0493 »329 573 .509 .889 2935 ~ 747 631 Buzz . Supercritical | 50
«0538 .323 .583 816 .887 2989 724 .655 - Buzz Suberitical 51
.0281 .511 .393 348 #8713 1492 .405 Jdze No buzz Supencpitical | 52
0362 469 424 372 .878 1658 .402 .200 No buzz 53
0445 372 .510 +454 .889 24135 614 462 Buzz . 54
+0544 «341 +549 484 .882 2670 .615 .558 Buzz Suberitical |55

0.0281 0.504 0,408 0.357 0.876 1528 0.425 0.142 No buzz Supercritical } 56
20345 4T +426 $374 .879 1644 +411 »197 57
0410 +458 +438 .387 .864 1720 «390 237 58
0471 To4l4 473 »420 .888 1988 <440 345 | 59
L0539 318 591 .523 .886 3049 . 742 669 Buzz 60
0565 313 599 532 .888 3136 750 «704 f 61
.0633 +295 .631 .558 .884 3392 L7935 .788 ' Critical 62
.0285 .492 -413 .359 .869 1556 436 .150 No buzz Superciritical | 63°
0351 489 428 375 877 1666 416 202 . . 64
0413 445 448 +396 .888 1837 428 .269 165
0414 .438 451 »400 .886 1840 429 .281 : .66
0473 .367 520 +465 +893 2509 -623 .490 &7
0543 +338 .560 495 .885 2747 643 588 : Buzz 68
563 .324 +580 513 .883 2917 682 644 69
0630 .298 ¢ 625 .548 877 3265 157 .756 ‘ Critical 70

fuel injection : "

0.0510 0.353 0.539 0.477 0.884 2558 0.604 0,528 Buzz Supercpitical | 73

*.05¢8 336 .562 -497 .884 2755 637 12
.0583 .319 .588 »517 .878 2966 -685 +658 - k2]
0612 +307 .508 535 <879 3129 . 723 74 Suberitical | 74
0644 302 .616 2542 879 3182 .728 JT37 Subcritical {75
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TABLE I. - Continued. PERFORMANCE
‘ , ~ . (g) Step flameholder B;
Run| Altitude,| Angle of | Free- Free- Calculated | Exhaust- |Inner- |Outer- [Total | Combustor{ Inner- ‘Outer-
1 attack, | stream stream diffuser- | nozzle ring ring fuel |critical ring ring
@, total | total outlet total fuel fuel flow, | air flow,] fuel-air | fuel-alr
deg’ temper~ | préssure, total pressure, flow, fiow, e, Wg' 59 ratio, ratio,
ature, g, pressure, Pg, S I 1b/gec J.b?sec we /Mg, 5 | ¥r,0/M,5 |
To» BL Po, b 1v/sec | iv/dec g :
8q £t abs |1b ____ |'sq Tt abs
8q ft abs .
Dual-pressure
4 1 50,000 .0 732 ¢ 3258 1455 1304 0.93 0.75 1.68 43.99 0.0211 © 10,0171
2 735 3268 1501 1345 .92 .93 1.85 44.05 +0208 .0211
3 734 3265 1732 1555 .92 1.14 2.06 44 .04 .02098 .0259
4 738 3262 1816 1620 .92 1.30 2,22 43,87 .0210 0296
5 735 3259 1793 1599 .93 . 1.35 2.28 43,92 .0212 0307
6 820 3288 1410 1258, .82 .58 1.44 42.38 «0210 .0130
7 820 3285 1438 1285 .88 .73 1.61 42.38 .0208 L0172
8 810 3278 1500 1341 .87 .93 1.80 42,56 0204 0219
9 815 3278 1786 1598 .88 1.14 2.02 42.43 .0207 ¢ .0269
10 - 815 3285 1873 1654 .88 1.37 2:25 42,43 0207 .03235
11 815 3270 1918 1694 .88 1.55 2.43 42.32 .0208 +0366
12 4 732 3269 1423 1265 .94 .74 1.68 44 .02 0214 .0168
13 746 3271 1490 1323 .93 »87 1.80 43.64 .0213 .0199
14 740 3295 1675 1493 .93 1.04 1.97 44.14 L0211 0236
15 733 3265 1716 1533 .92 1.20 2.12 43.95 +0209 0273
16 ’ 740 3262 1758 1574 .91 1.30 2.21 43.70 »,0208 .0297
17 739 3269 1820 1619 .91 1.40 2,31 43.83 ,. D208 0319
18 816 3274 1405 1247 «890 .54 1.44 42,23 20213 0128
19 816 3272 1455 1293 .90 <14 1.64 42,20 0213 L0175
20 816 3270 1540 1366 80 .94 1.84 42.18 0213 .0225
21 816 3275 1735 1541 .89 1.14 2.03 42,24 0211 0270
22 813 3269 1836 1620 .89 1.35 2.24 42 .25 L0211 .0320
23 812 3276 1863 1644 .88 1.47 2.35 42.36 .0208 0347
24 735 3260 1456 13056 94 19 "1.73 . 43 .89 0214 .0180
25 736 3259 1482 1331 .94 .89 1.83 43.85 .0214 0203
26 736 3859 1511 1357 .94 1.00 1.94 43,85 0214 0228
27 736 3272 1816 1610 294 1.15 2.09 44,02 L0214 0261
28 736 3270 181s 1618 .93 1.24 2.17 43.99 <0211 .0282
29 134 3274 1828 1623 .94 1.30 ?.24 44,11 0213 .0295
30 34 3273 1459 1307 94 .78 1.72 ~44.10 0213 20177
31 734 3269 1482 1334 .94 ' .90 1.84 44.04 £0213 0204
32 1. . 134 3274 1512 1361 .94 1.00 1.94 4.11 ° 0213 .0227
33 734 3271 1825 1623 .94 1.14 2,08 44.07 0213 .0259.
34 734 3273 1825 1621 .94 1.24 2.18 44.10 +0213 .-.0281
35 738 3274 1472 1305 91 79 Ja.70 | adiso | c.o209 |' ons2
36 737 3276 1546 1367 .91 «94 1.85 4356 <0209 .0216
37 736 3274 1688 1506 . .91 1.14 2.05 43.57 .020Y 0262
38 157 3272 1695 1514 .93 1.25 2.18 43,51 0214 .0287
39" 738 3269 1764 1568 »92 1.30 2.22 43.44 .,0212 0299
p——
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OF SEVERAL ENGINE CONFIGURATIONS
. .

£light Mach number 2.35 :

_ - - . i [ . ) .
Over-all | Diffuser | Calculated | Engine |Calculated| 'Ezhaust- Combustion |Net thrust, | Combustor | - Diffusen "Run}’
fuel-air | outlet diffuser total- jcombustor gas total efficiency, |coefflclent, | remarks -opérating .

ratio, Mach total- pressure | total- temperature, RS C,n ¢ point :
'r/la 5 number, pressure ratio, pressure T, . ! '
» Mo recovery, | Pg/P, ratio, °p R
Po 2 * ,’_
fuel injection o
0.0382 0.446 0.447 0.400 0.896 1854 0.466 0.281 No buzz Supercritical| 1
.0420 430 .459 .412 +896 1942 464 +317 : 2.,
.0468 +360 .531 476 .898 2561 644 526 3
-0506 .341 557 497 .892 2771 1 .877 .590 Buzz 4
.0519 .345 .550. .491 .892 2683 .639 .571 Buzz 5
.0340 4717 »429 .383 .892 1912 .507 .218 No buzz 6 .
.0380 +463 .438 .391 .894 1964 483 244 7
L0423 .437 .458 -409 ,894 2068 485 .301 8
20476 .354 »545 .488 .895 2905 <737 .553 . 9
0530 «335 570 504 .883 3066 . 738 -804 . Buzz Critical 10 -
0574 325 .587 518 .883 3197 747 .651 « Buzz Suberitical |11
-0382 .459 -435 387 .889 1742 422 .240 |- No buzz Supercritical | 12
0412 432 «456 405 .888 1919 +459 .296 . 13
0447 377 508 453 .881 2366 <596 +453 14
.0482 363 .526 470 .893 2489 - 606 .505 Buzz . 15
.0505 «553 .539 .483 »895 2635 J632 547 . i 16
.0527 339 557 .495 .890 2794 668 .588 Subeiriticdl 17
+0341 474 429 .381 .888 1863 483 .213 No buzz Supercritical | 18
.0388 .453 445 +385 .869 1976 +479 .259 : : 19
0436 .421 471 .418 .887 2176 514 #»331 ' 20
.0481 +564 .530 471 .888 2738 671 ! .500 Buzz 21
.0531 341 562 496 .882 2966 + 7058 .581 . Critical 22
05568 336 569 502 .882 3021 «703 +601 Suberitical | 23
L0394 444 447 .400 .896 1858 »455 .282 No buzz Supercritical { 24
0417 .435 «455 +408 .898 1923 .459 .3508 25
0442 . 424 464 416 .898 1982 +461 334 26
0475 341 »558 .492 ~887 2742 +701 »577 27
.0493 341 556 .495 880 2758 .686 .585 Buzz 28
.0508 339 558 <496 .888 2750 671 .588 . Buzz’ 29
0390 446 448 «399 896 1847 hd 454 279 No buzz 30
20417 +436 «453 .408 .900 1911 ~454" 307 . 31
0440 .426 462 416 +900 1974 460 .332 32 .
0472 +339 558 496 .889 2785 «720 590 33
0494 .339 .558 495 .888 2754 684 <587 Buzz 34
L0391 .435 «450 +399 .887 1893 . 472 . «285 No buzz g 35
0424 409 472 417 «884 2049 500 «345 No buzz b 56
0471 .368 .516 +460 +892 2453 +643 482 Buzz 37
.0501 .366 .518 +463 »893 * 2462 <579 490 * . Critical 38
.0511 348 £40 480 .889 2645 632 545 3 Subcritical | 39
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TABLE I, - Continued. PERFORMANCE '
. ) ot Lo
v : {(n) Step flameholder C;
Run | Altitude, | Angle of | Free- Free~ Calculated | Exhaust- |[Inher- {Outer~ |Total | Combustor | Inner- Outer-
. 4 1 . attack, | stream. stream giffuser-| nozzle ring ring fuel | eritical ring ring
a, total total outlet total fuel fuel flow, ] air flow, | fuel-air | fuel-air
deg tex:pex'- pressure, total pressure, flow, flow, Weo' n‘a 5 rat}o, . | ratio,
ature, Py pressure, Pg, We 1,1 ¥p os |1b/sec S Wp 4/W, W W,
To» 4__1b ) Py 18 |3v/dec | 10/b00 / °°] 1b/sec a5 | ve,0f 25
°r 8q ft abs 1b 8q £t abs
8q £t abs .
} Inner-ring-only
1 50,000 (o] 738 3274 1416 1250 1.10 4] 1.10 44.10 0,0249 0
2 732 3275 1420 1253 1.10 0] 1.10 44.22 0249 0
3 152 3276 1444 1269 1.32 0 1.32 44.24 .0298 ¢
4 732 3274 1404 1237 1.54 o} 1.54 44.21 0348 0.
S 132 3275 1387 ‘1219 1.64 0 1.64 44.22 0371 [+]
] 815 3266 1384 1216 1.02 0 1.04 > 42.27 L0246 0.
7 a1s 3274 1397 1228 1.08 0 1.06 42.34 0250 [
8 815 3273 1425 1247 l.28 0 )| 1.28 42,36 0502 0
9 .816 3264 1403 1220 1.48 ] -1.48 42.21 .0351 [¢]
10 816 3264 1373 1194 1.69 4] 1.69 42.21 0400 [e]
11 .818 3281 1345 1176 1.89 0 1.88 42.43 -0445 o
. ) .
12 4 733 3275 1411 1243 1.10 0 v | 1,10 44.09 02489 (4]
13 4 816 3280 1396 1225 1.05 0 1.05 42.30 0248 ‘0
14 , -4 732 3276 1410 1241 1.10 4] 1.10 44.19 L0249 4]
15 7 733 32717 1378 1210 1.10 «© 1.10 43.70 .0252 0
C 16 60,000 o 733 2044 854 741 0.69 2] 0.69 27.58 0.0250 Q.
-17 4 737 2028 839 727 .68 0 .68 27,22 ,0250 0
18 4 818 2036 835 725" 67 0 87 26.23 .0255 o
’ Dual-pressure
18 50,000 0 735 3274 1471 1300 1.10 0.48 1.58 44.13 0.0249 0.0109
20 g 735 3273 1675 1486 1.10 .89 1.99 44.11 0249 .0202
21 735 3272 1925 1710 1.10 1.31 2.41 44.10 .0249 0297
22 154 3274 2021 1795 1.10 1.51 2.61 44.16 .0249 0342
23 816 3280 1453 1283 1.06 . 48 1.54 42.42 0250 ) »0113
24 816 3278 1545 1365 1.06 .84 1.90 42..39 .0250 .0198
25 818 3281 1906 1681 1.06 1.29 2.35 42.43 0250 0304
26 816 3277 2050 1812 1.06 1.70'{ 2.76 42.38 0250 +0401
27 X 818 3280 2020 1835 1.06 2.11 3.17 42.42 .0250 0497
a8 4 133 3271 1470 1298 1.10 48 1.58 44.03 0250 .0109
29 - 133 3274 1525 1341 1.10 .67 1.1 44,07 .0250 .0152
30 733 3275 1709 1510 1.10 .89 1.99 44.09 0249 .02
31 734 3274 1889 1688 1.10 1.18 2.28 44.04 .0250 , .0268
b 32 734 3274 1919 1702 1.10 1.30 2.40 44.04 0250 0295
33 816 3281 1455 1282 1.06 .48 1.54 42,352 0250 L0113
34 818 3274 1659 1470 1.06 84 1.90 42.23 L0251 L0199
35 816 3278 1912 1705 1.06 1.28 2.34 42.28 0251 0303
36 817 3279 2030 1777 1.05 1.69 2.74 42.28 0248 0400 .
37 ] 817 3279 2033 1789 1.06 2.09 3.158 42.28 L025) L0494
~ . L
38 -4 732 5277 1468 1292 1.10 .48 1.58 l‘g 44.20 0249 0109
39 732 3215 1549 1379 1.09 +90 1.99 *; 44.18"° 0249 20204
40 132 32715 1839 1623 1.10 1.10 2.20 X 44.18, 0249 0249
41 732 3273 1835 1716 1.10 1.32 2.42 § 44.15 0249 .0299
42 132, 3276 1977 1744 1.10 1.53 2.63 Y 44.19 0249 0346
43 733 3276 1444 1273 1.10 .48 | 158 | ‘43.69. .0252 .0110
44 133 3271 1469 1294 1.10 +54 1.74 43.62 0252 ¢ ,0147
45 134 3274 16383 1498 1.10 .90 2.00 43.63 0252 »0206
46 734 3271 1817 1619 1.09 1.16 2.25 43.59 0250 L0266
47 734 3275 1857 1639 1.10 1.3} 2.41 '43.64 0252 »0300
48 | 60,000 [+] 7335 2042 880 764 0.69 0.27 0.96 27.56 .0250 ~0098
' 49 133 2044 917 798 68 .54 1.22 27,59 0246 .0196
S0 732 2041 1207 1069 89 81 1.50° 27.56 +0250 0294
81 732 2039 1307 1144 .69 1.04 1.73 27.53 ~0R51 0378
52 4 138 2041 881 770 59 27 .96 27,37 »0252 ,0098
5% 738 2046 930 817, .69 +54 1.23 27.44 0251 .0197
54 736 2044 1202 1088 .68 .81 1.49 27.45 .0248 .0285
58 736 2044 1301 1140 69 1.07 1.76 . 27.45 ~0251 0380
56 738 2042 1309 1148 69 1.21 1.90 27.43 0252 0441
~§ 57 818 2035 871 761 87 +26 «93 26,22 .'0255 0099
58 817 2055 849 828 .87 52 ,] 1.19 26.24 +0255 .0198,
59 817 2035 1173 1042 .87 .78 1.45 26.24 .0255 0297 °
.1 60 817 20357 1254 1097 67 1.05 1.72 26.26 .0255 .0400
61 8117 2035 1254 1107 87 1.30 1.97 26.24 +0255 .0495
' Single-pressure
62 | 50,000 4 734 3282 1769 1570 —— 2.00. 44.15 ———— .
63 33 3288 1842 ' 1636 —— 2.13 44.26 —————
64 732 3281 1926 1700 —-——— ] 2.31 44.18
85 33 3286 1994 1761 ——— 2.50 44.23
65 | 60,000 "4 734 2035 18 | 1051 e | eee f 138 | 2737
87 736 2038 1226 1081 ——— ——— 1.51 27.37
£8 736 2035 1272 1119 - ——— 1.63 27.33
89 136 2035 1307, 1142 cwm- - 1.80 27.33
° 736 2034 1299 1139 ————— ———— 1.95 | . 27.32

.
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OF SEVERAL ENGINE -CONFIGURATIONS
flight Mach number, 2.35
!’ .
Qver-all [ Diffuser | Calculated } Engine |Calculated] Exhaust~ Combustion | Net thrust Combustor Ditfuser Runj{
fuel-air | outlet diffuser total- |combustor | gas total efficiency, { coefficient, remarks operating .
ratio, Mach total- . |pressure total- teniperature, nc cl, n ' point ',
"t/"a 5 number, | pressure ‘ratio, pressure g5, i :
X ’ M, recovery, Py P ratio, OR .
2 P/P ° B /P '
: %o s/P2
fuel injection A
0.0249° 0.464 0.433 0.382 0.883 1770 0.614 0.221 Ne buzz Supercritical l 1
0249 463 434 .583 .882 1768 ,615 224 . R
., 0298 453 <441 »387 879 1782 537 .240 3
03548 .469 +429 .378 .881 1668 ~421 .209 4
0371 477 424 »372 .879 1608 372 «191 5
.0246 484 424 =372 879 1823 +6086 -183 6
0250 .480 427 375 .879 1852 617 2192 * 7
.0302 .467 435 381 .875 1875 .539 «211 , 8
L0351 476 ~430 374 .870 1779 433 .188 9
.0400 .490 .421 366 870 1678 .348 .162 ' i0
<0445 <508 «410 .358 874 1589 +.286 .138 11
0249 .465 #431 .380 .881 1750 .601 . .216 12
0248 .480 2426 374 .878 1847 .618 .189 A 13
.0249 467 430 379 .880 1737 . 586 .213 14
.0262 475 421 369 -878 1688 .561 ,+191 7 ) . jas
0.0250 0.486 0.418 0.563 0.868 1588 Q.50 0,160 | .No bugzz Supercritical |16
Q250 +492 414 359 .867 1571 49 +149 . D A bir
.0255 .508 .410 .356 .868 1679 504 #1348 18
fuel injection . i
0.0358 0.442 0.449 0.397 0.884 1845 0.489 0.271 ‘No buez Supéreritical |19
0451 316 512 454 .887 2342 .584 454 No buzz . 20
0546 320 .588 523 .888 3026 . 730 875 Buzz o o 21
.0591 .303 617 548 .888 3279 717 JI57 Buzz Critical ja2
0363 «457 443 391 .883 1942 .495 244 * No buzz Supercritical {23
- . N . L
+0448 422 471 .418 .884 2143 .490 »526 .24
0554 .329 581 #5112 .882 3149 747 633 25
.0651 302 +626 .553 .884 3563 .825 .763 Critical 26
0747 .296 637 .560 878 .3528 814 «784 Supercritical |27
0359 +440 449 397 883 1846 .488 w272 28
0402 420 »466 +410 .879 1941 .483 .313 29
0451 .366 ~522 +461 .884 2419 .612 479 30
.0518 326 577 I .516 »894 2974 735 .653 | 31
.0545 +320 .5686 1 .520 -887 3004 7227 .667 *Critical 32
0363 .45¢4 444 i .381 .881 1948 2496 <244 Supercritical |33
.0450 .384 507 449 .886 2505 .822 432 : 34 .
+0554 .326 583 520 .882 3262 .782 .660 2 35
0648 «305, 4619 542 «875 3446 «,790 730 } Critical 36
0745 .304 +620 =546 .880 3379 .769 741 Supercritical 37
.0358 443 .448 394 874 1832 485 263 \ 38
0451 <413 413 .421 .890 2013 +466 «350 39
0498 337 562 496 .883 2749 .678 .588 40
.0548 317 <591, .524 .887 3034 ' <730 .681 . ‘F41,
.0895 .310 .604 532 .882 3088 717 707 f Critical 42
L0362 «448 441 +389 +882 1805 .467 .253 Supercritical {43
.0399 436 449 396 .881 1846 .446 275 f . . 144
0458 366 517 ~458 .885 2429 .608 <474 458
.0516 337 .556 +495 .891 2792 677 .59 . 48"
0552 .329 567 +501 .883 2830 661 .613 § Critical '. |47
0.0348 0.487 0.431 0.374 0.868 1638 0.406 0.198 No buzz Supercritical |48
0442 443 449 +350. »870 17317 #3687 +250 ) 49
»0544 .318 .591 524 .886 3027 730 678 50
0629 .2%0 641 .561 875 3388 .794 . 198 51
L0351 483 432 377 874 1686 .423 .210 52
0448 433 .455 399 «879 1833 .401 281 53
0543 .319 .588 523 ~889 3046 ~ 736 677 54
0641 .291 637 .558 876 3372 . 788 .788 Critical 55
0893 289 .641 562 877 3371 .718 .804 Critleal 56
<0354 477 428 374 874 1794 <439 191 Supercritical {57
0453 426 -466 407 873 2053 .452 «296 . 58
.0552 +331 576 512 .888 3163 .751 634 53
.0655 «307 616 .539 875 3401 <776 .79 60
0750 .306 616 544 883 3350 . 761 L7137 61
fuel injection ¢
0.0453 | 0.353 0.539 0.478 0,888 2607 0.676 0.535 Rough burning| Supercritical |62
0481 542 .560 <498 o .888 2795 <71 596 : Supercritical } 63
0523 319 587 518 »883 2893 736 .662 Critical 64
0565 308 607 536 +883 3167 . 759 .718 Critlical 85
0.0504 Q.332 0.582 0.517 0.888 2995 0.756 Q.657 No buzz Supercritical | 66
f 20852 311 .602 .530 .882 3072 +139 »702 . 67
0596 258 .625 .550 .860 3313 » 785 764 68
06538 +289 642 561 +874 3397 +789 +800 s 69
0708 +291 639 560 877 3317 . 762 » 796 Critical 70
T -
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. TABLE I. - Contlinued. PERFORMANCE
" ' ’ .
. : A (1) step.
Run  Altitude, | Angle of | Free- Free~ Calculated | Exhaust- | Inner~ '] Outer-| Total [ Combustor| Inner- OQuter-
v attack, | atream stream diffuser~ | nozzle ring ring fuel | eoritical ring ring | N
a, - total ‘total outlet total fuel fuel flow, | air flow, | fuel-air ]| fuel-air O {
deg temper- | pressure, total | pressure, | flow, flow, Wes Ya,50 ratio, " ratio, N
ature, Pos pressure, Pg, ¥p 15 ] ¥e,00 | an/sec | 1b/Bec | /a,5]| t,0/Ma,5
Tor | __1b Fa, —3b ___ lin/sec | 1v/sec
°r 8q ft abs| __1b____ 1'sq ft abs ’ .
8q 't abs . '
' . Flight Mach -
Inner-ring-only o
1} 50,000 0 744 3264 1188 1.02 | O 1.02. | 43.70 0.0233 | 0
2 0 820 3294 1201 .97 0 97 42.49 T .0228 ' 0 ’
‘2__ 4 746 3283 1188 1.03 0 1.03 43.680 - .0235 0
. -4 742 3276 1212 1.02 [+] 1.02 43%.91 0232 o
5 7 43 3299 1191 1.03 o 1.03 43.68 | +0236 o
[ 7 818 3302 1199 .98 0 .98 42.16 .0232 (]
7 =7 43 3266 1194 1.03 [¢] 1.03 43.36 .0238 ]
8 £0,000 [¢] 743 2048 600 0.64 0 0.64 27.45 0.0233 [+]
9 ] 815 2047 709 .89 +] .59 26.49 .0223 o
10 1 745 2053 588 64 [+] .64 27.16 . 0236 0, B
1 -7 818 2050 739 .58 [+] .58 26.23 .0221 o A
A , Dual~-pressure .
12: £0,000 0 T44 3264 1396 1.03 0.77 1.80 43.70 | 0.0236 0.0176 N
13 745 3286 1685 1.02 1.21 2.23 43.99 L0232 © 0275 .
14 745 3270 1871 1.02 1.64 2.66 43.77 ~0233 0375
15 745 3258 1927 1.03 1.88 2.91 | 43.63 0236 0431 “la
16 745 3257 1958 1.03 2.09 3.12 . 43.59 , .«02386 . 0479 L B
17 820 3288 U 1374 .98 72 | 170 | e2zs | gem Q0. |
18 821 3291 1891 1640 +98 1.13 2.11 . 42.46 .0231 - 0266 y
19 , 822 3285 2075 1816 .98 1.587 2.55 42,34 .0231 0371
20 823 3291 2158 1802 .98 2.00 2.98 42.38 .0231 +0472
21 822 3284 —— 1949 .98 2.19 3.17 42,31 .0232 0517
e | 4 747, 3265 . 1390 1.03 .78 | 1.01. 43.55 0237 L0179
23 : 745 3276 ig21 1686 1.03 1.22 2.25 43.73 , »0236 0279 .
24 T44 3215 2108 1868 1.03 1.66 '} 2.69 43.76 .0235 0373
25 743 3272 2157 1923 1.03 1.88 2.91 43.73 -0236 0430
26 743 3300 2176 1944 1.02 1.94 2.96 44.13 .0231 +0440 |
27 743 3291 2180 1920 1.02 2.03 3.05 43.98 0232 »0462 .
28 -4 742 3287 ——— 1414 1.03 <17 1.80 43.76 " .0235, . <0176 Y
29 743 3276 1947 1703 1.03" 1.20 2.23 43.87" L0235 , 0274 ¥
30 143 3286 2128 - 1874 1.03 1.65 2.68 - 43,98 0234 0375
31 744 3273 2175 1930 1.03 1.89 2.92 43.80 +0235 0432
32 744 3281 —— 1873 1.03 23.11 3.14 43.91 .0235 » L0481
33 742 ‘ 3299 ———t © 1400 1.03 <7 1.80 43.72 0236 ’ .0176
34 742 3299 1903 1663 1.03 1.21 2.24 43.43 02357 0279 )
35 743 1 3276 2089 1846 1.03 1.62 2.65 43.50 .0237 0372
36 742 ¢ 3286 2097 1856 1.02 1.79 2.8_1 43,54 . .0234 0411
. v s
517 818 3289 — 1386 .98 13 1.71 41.98 .023% +O174 ' '
38 31 ] 3283 1855 1623 +9i 1.14 2,12 41.90 <0234 0272
39 818 3288 2017 1766 .98 1.57 2.55 41.98 .0233 0374
40 81§ 3293 2123 1840 .98 2.01 2,99 42.01 0233 -0478
41 - 740 3285 —— . 1407 1.03 78 1.79 .{5.12 0236 0174
42 137 3263 1944 1692 1.03 1.20 2.23 43.50 0237 «0278
43 135 3282 2127 1881 1.03 1.6¢ 2.67 43.83 . 0235 «0374 ¢
44 740 3295 2174 1921 1.03 |* 1.88 2.91 43.83 »0235. 40429
45 60,000 0 745 2038 —— 869 0.6¢ 0.47 1.11 2%.29 0.0235 0.0172
46 745 2041 i 897 .84 «15. 1.39 27:33 20234 v «0274
47 144 2046 1146 <64 1.03 1.67 27.41 0233 0376 P
48 744 2037 1177 54 1.7 1.81 27.28 0235 . 0429
49 T44 2039 1197 .64 1.30 1.9¢ 27.31 0234 0476
50 744 2048 1201 64 1 fas | 2.09 27.43 L0233 .0529 )
51 744 | 2044 1185 «64 1.58 2.22 27.38 0234 0577
52 T44 2041 1124 +64 1.85 2.49 27.34 .0234 .0877
83 818 2049 851 .59 46 1.05 26.47 .0223 #0174
54 . 817 2051 986 .59 .70 1.29 26,52 0222 0264
85 821 2050 1077 .82 .95 1.57 26.44 0234 «0359
56 817 2054 1137 +59 .97 1.56 26.56 0222 0365
57 817 2046 1187 .59 1.23 1.82 26.45 0223 0465 .
58 M 816 2043 1188 +59 1.38 1.97 26.42 «0223 »0522
89 f 816 2048 1184 581 1.51 2.10 - 26.46 »0223 0571
60 R 815 2044 , 1103 459 1.77 2.36 26.45 .0223 0669 . K
. ) . s
61 742 2058 ——— 784 «64 47 1.11 27.27 ° .0235 0172
62 42 + 2054 ——— 977 64 .75 1.39 27.22 «0235 £0276
63 v 741 2045 1267 1106 .64 1.02 1.66 27.12 .0236 .0376 N \
84 , 740 2047 1297 1136 64 1.16 1,80 27.17 - 20238 20427
N '
65 - 817 2057 | L 826 .58 46 1.04 26.33 , «0220 0178 .
66 ‘ 817 2 ——— 980 58 .70 1.28 ‘26.14 0222 0268, ¢
87 817 2045 1276 | 1121 .58 »97 1.58 |- 26.18 0222 .03M 3
68 817 2041 1336 1177 59 1.23 1.82 26.13 #0226 0471
€9 ! 817 3 1?8 . 1181 +59 1.37 1.96 26.15 0226 0524 i
0 817 2051 132¢ . 1155 59 1.52 2
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OF SEVERAL ENGINE CONFIGURATIONS
flameholder D : Ct N
Over-all |Diffuser ]Calculated | Englne (Caloulated] Exhaust- Combustion | Net thruast Combustor remarks DAftuser Run ’
fuel-air | outlet diffuser total~ - |combustor gaa total efficiency, | coefficlent, ' ‘operating S
ratio, Mach total pressure | total- | temperature, ny Cp.n . point
\v!/u s number, | pressure ratio, pressure LV ‘ ’
¥ra, [ recovery,’| Pg/P, ratio, OR
2 ° P./P,
Fo /P2
number, 2.35 - LN
fuel injection . ’ . e
0.0233. 0.36¢ 1637 0.559 0.164 No buzz or screech | Supercritical | 1 |
. .0228 .365 1773 612 .158: ' ] 2
0235 364 1651 565 .167 ’ 3 b
.0232 370 1687 594 1184 e
.0236 .361 1644 558 .164 s}
0232 363 1790 617 .152 [
.0238 .366 1675 573 .176 7
0.0233 0.293 1058 .187 -0,064 . No buzz or screech ].Siupercritical | 8
0223 .346 iss2 514 +100 ] S e 8-
10236 .286 1037 181 -.076 ’ . 10
.0221 361 1764 625 |, .152 i1
fuel injection ' ‘o . .
0.0412 | wmewew ——— 0.428 |  conue 2132 0.543 0.369 No buzz or scresch | Supercritical |12
.0507 1 0.320 0.588 513 0.872 2980 .T45 643 . 13
,0608 .288 647 572 .885 3608 .867 .833 , I EY
L0667 .280 .663 .592 .893 3782 .900 .B95 No buzz acreech ' 15'
0715 27 682 601 .882 3846 917 926 ‘No buzz sereech Suboritical |18
0401 ] meme ] e 418 | wesea 2203 .558 330 No buzz or screech| Supercritical |17
0497 333 575 ' .498 867 3040 .759 .588 ) - 18
.0 .299 632 553 .875 3657 .665 .763 19
.0703 .286 656 578 .881 2860 .906 843 . 20
0749 e e 594 | eeeee 3994 .953 .893 .No buzz screech Suberitical |21
0415 | eiee- ————— 426 | ceeen 2127 .538 564 ¥o buze or screech | Supercritical |22
.0515 320 586 515 .878 3016 742 650 e R 23
L0614 .288 644 570 886 3592 .859 .B829 N 24
0666 281 .659 .588 .892 3754 .891 .885 Suberitical |25
.0871 .280 659 .589 .B93 3760 .892 .889 ' 26
] .0694 .279 .662 .583 .881 3668 .863 871 27
CYSTI J— 433 2182 564 .386 Supercritical |28
0507 316 .520 3060 LT .666 - 29
.0607 .288 570 4 3584 .859 .827 ‘ 50
L0667 .279 .590 3770 .896, .891 , Suberitical |31
0716 | eeumm 571 3475 .807 .830 Supercritical |32
L0412 A24 2142 546 368 ' 33
.0516 320 508 2968 132 635 . 34
0608 .289 .562 3557 .850- 809 Suboritical |35
L0645, .288 565 3545 .834 .819 Suberiticsl |36
+0407 el Dt .421 —— 2282 585 350 Supercritical } 37
.0506 J33¢ 565 A% | 815 3047 752 568 : | . 38
4  .0807 305 .613 537 .876 3498 .822 2721 B . )38
L0711 .288 645 | .559 867 3666 .850 791 ' Suberitical |40
0410 commm 1 aman .428 ——— ‘2167 562 +378 . ¢ Supercritical |41
L0513 2312 596 .519 870 3067 . 769 668" o |42
0609 284 +648 571 884 3636 .876 »837 1 B & [ ) 43
0664 .278 *.660 .583 .B84 3731 .885° .875 L Suberitical |4t |
0.0407 | mseed | deeem 0.328 "' 157 0.202 0,049 “No buzz or screech | Supercritical | 45
+0508 ——— ——— .489 2701 ¢ 654 565 ! .} Supercritical {46
.0609 | o.292 0.638 560 3453 .818 L794 . ) Critical - ‘|47
0664 .284 654 .578 .883 ! 3617 .851 '.851 A Subcritioal. |48
L0710 280 .662 587 .887 3669 864 . . .881 N L
' . . oo - .
.0762 .279 .665 586 ,882 3590 .849 .879 . . 50
.081Y 279 .663 585 .881 3496 .838 873 51
.0911 295 631 551 .873 2971 722 +765 5 ) - Eritical 52
.0397 -—— -——— 415 —— 2168 548 «321 . Supercritical,} 53
.0486 d— —— .481 ———— 2023 \ 695 ' 531 o vt DR RIS §-7%
: . . o [N .
0593 4 604 . 525 |- .80 3289 ; 763 ¢ .875 . ' 55
L0587 .301 .628 554 881 3636 874 165 ¢ . . |58
0688 .282 665 580, 873 ..3879 .914 851 : Bubcritical |57
0745 .284 661 582 , 880 v 3813 +90Q .855 : Suboritibal |58°
0794 .289 .652 569 873 3580 ' BAS ‘815 . Supercritical | 59
0892 304 .622 540 .868 3084 J132 W20 ; IR e , €0
© 0407 —— .381 PR 1728 .389 228 LR ' 61
L L0511 . o 476 m———— 2613 619 532 . N 62
.0612 298 620 541 873 3279 166 JM42 .o ' o |63
L0663, 290 .634 555 .876 -3393 .785 +787 : .. Suberitical |64 -
0395 | <ot —odom 402 w—— 2068 509 1284, . Supercritical.| 85 |
0490 | weeme —— 480 n— 2868 707 © 538 . + 66
.0593 300 624 548 879 3637 .873 2755 . . . .o ler
L0697 264 655 +577 .881 * 3696 +919 847 . S Stjpcriticsl {68 .
0750 282 660 .578 .876 . 3884 903 851 ¥o busz scresch Syberitical |69
0804 .288 ' .648 563 WB872° | 3568 842 .803 ‘| Mo buzz sbreech’ Critipal 70
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TABLE I. - Continued.  PERFORMANCE
L _ 3 L , ; - . (1) Continued.
Bun{ Algitude, {Angle of { Pree- |’ Free- | Calculated |Exhaust. |Inner- JOuterc |Total | Combustor.] immar-. | Outer=. | .
R I attack, ] stream stream diffusen nozzle ring ring’ | fuel ]ecritical ring- ring .
a, total total - outlet total ofuel 1 fuel,"| flow, | air flow, | fuel-atr | fuel-air
deg temper- | pressure, ‘total pressure, 1'flow, | flow, | wp,, - Wy 5 -0 | EAtio, ratio, '
ature, |’ Pg, . pressure, Pg, We g0 L/ 1b/sec '.lb/a'éc' X
. Ty | o3 P ) in/ise Vibssee | i .
. Q . Par 1b ib/eec }1b/sec e .
- °R 54 £t abs ib |®a FEaes | . : ' o
* ' } ! . . ] 8a Tt abs N ; - N B
] v , T I : - Plight Mach °
T : T “Dualvpressure
11 | 68,000 ‘146 1406, N 678 0.4¢4 | 0.51 | 0.95
Ve | : 746 1407 851 742 44 111 1.8
73 . 746" 1406 876 771 44 ‘.81 | 1.25
7 745 1402 895 788 A4 .90+ 1 1.3¢
75 . . 745 1403 893 785 44 +99 | 1.43
\ 76 . 745 "'1405, 880 773 44 | 109 f 1.53
dedn 822 1398 ———- 663 42 | 756 | e
| 18 gz22 1397 a41 |1 737 .42 .68, "] 1.10
. 79 812 1407 817 M 42 .84 | 1.26
. beo i, 809 1403 883’ 778 42 .91 1.33
81 : , 810 1402 .886 781 “2 .85 | 1.37
7. e 744 1402 ———— * 533 7RSS 7) .18
tas |- . 744 1404 —— 657 A4 .51 .95 |
84 744 1401, 843 ' 728, 44 Jo | 1.4
: 85 744 1401 858 744" «4¢ 1 .81 ) 1.25
86 1 744 , 1400 857 LT84 a4 90 | 1.3
a7 - 815 1401 765 666 w42 481 .90
a8 [l 814 1399 822 716 e .66 | 1.08
89 | b 814 1402, ‘854, 748 e 78§ 1.18
90 | 813 1400 871 ., 166 42 | <86 | 1.28 1.
9 813 . 1399 8713 762 42 «96 1.38 |,
U " ) ) ; ; :
P s T . - ‘,
1 {'50,000 07, 794 4140 1397 113 '} o 1.13 o
i 2], 0 878 3895 : 1360 1,07 | o 1.07 'S
3 e 792 4105° ! 11382, .13 o 1.13 0
el -4 192 4135 1395 133 | o 1.13 ]
s 7 792 4115 ’ 1373 113 | 0 113 0
8 7 876 4157 1368 101 } o 1.01 a .
7 -7 792 4120 1374 13 j o 1.13 o
N 8 |.60,000 0 792. 2577 846 0.70 ] © 0.70 '
9 B [ 874 2566 830 .66 0 J .es 0229 o,
10 ' 7 789 . 3577 817 83 | O .69 0234 [
1 -7 872, 2574 826 81 |0 .67 40238 o .
12 | &s,300 7 790 %5} 1917 — 583 0.55 | o 0.53 0.0242 a
13 | 67,500 0 875 1808 —— 567 0.47 |0 0.47 0.0232 o
14 " -7 872 1932 - 577 47 | © A7 10222 o.
: : Dual«pressurs
15 | 50,000 788 4139 ——— 1578 1.2 .83 | 1.95 48.26 0.,0232 0.0172,
16 : 792 4122 2153 1300 1.13 32 | 2.45 47.93 0236 0275
17 792: 4136 2387 2119 1.13 |.1.81 | 2.8¢ 4§.1o 10235 L0376
18 . 798 4137 2437 2166 113 | 2.06 ] 3.1 |- 4B.10 10235 0428
19 ‘ 790 4129 2478 2206 12 | 2.31 | 3.3 18.07 0235 | .o4B1
O 20 ' 190 4130 — 2238 12 | 2,77 { 5.89 | 48.07 0233 0576
21 878 4143 1787 1569 1.04 .79 | 1.83 46.40 0224 0170
22 878 4136 2094 1847 1.06 | 1.25 | 2.31 46.33 0229 0270
23 - a1 ] 4138 2296 2028 1.06 | 1.72 | 2.78 46.37 -0229 0371
24 878, 4133 2376 2100 1.06 | 2.19 | 3.25 £6.30 9229 . 0473
25 B78 4141 2548 2190 1.06 | 2.64 | 3.68 46,40 0224 0569
u tL . .
26 l792 4106 1840 1600 1.13 .84 '} 1.97 47.69 0237 .40176
27 792 4126 2140 1690 132 | 1.32 | 2.44 47,92 0234 .0275
28 792 4138 2352 2086 1.13 | 1.82 | 2.95 48,09 0235 40378
¢ Jes 792 4121 2405 2136 113 | 2.08 | 3.2 47.88 '.0236 0435
30 . 792 4127 2448 2162 133 | 2,31 § 3.4¢ 47.96 0236 | .0482
31 -4 792 4132 1808 1567 1.13 .82 | 1.95 47.58 0237 w0172
32 782 4133 2162 1ig0s 1,13 { 1.32 | 2.45 | 47.61 0237 0277
33 792 4133 2374 . 2117 1.13 | 1.82 | 2.95 47.61 J0237 .0382
34 792 4119 2416 2155 1.1 | 2.07 | 3.20 £7.45 <0238 0436
35 . 792 4132 2455 2192 132 .} 2.30 | 3.42 47.58 0235 . .0483
36 ] 792 4136 2554 2201 103 | 2.6¢ | 3.77 | c47.64 0238 0654
37 7 791 4124 1838 1592 1.13 .83 | 1.96 47.16 0240 $0176
38 791 4144 2108 1875 1.13 | 1.32 | 2.45 47,39 +0238 . 20279
39 792 4134 2309 2048 133 ] 1.82 |-2.95 47.23 10239 0385
40 792 4140 12369 2096 1as | 2.08 | 3.19 41.29 0239 <0436
41 ; 792 4131 2410 2119 1.13 | 2.30 ] 3.43 47.20 0239 0487
42 875 4143 1810 1578 1.06 | ‘19 | 188 45.69 0232 0173
43 874 4147 2058 1818 1.07 | 1.25 | 2.32 45.75 40234 $0273
4“ 874 4135 2208 1939 1.07 | 1.71 | 2.78 45,62 0235 0375
45 ‘8712 4140 2301 2024 07 | 2.8 | 3.25 45.72 0234 | L0477
46 o 873 4137 2315 2046 1.07 | 2.66- | 3.73 45.65 <0234 * ,0585
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_OF SEVERAL ENGINE CONFIGURATIONS o .
% Ce o L v v . ' P
B ': . ’ . . X '_ ‘l 0 ‘.
. ‘Step flameholder D . ‘ ‘ ‘ T,
" JOver-all | Diffuser | Calculated | Engine |Calculated| Exhaust- | Combustion | Net thrust
‘] fuel-air | outlet diffuser | total- lcombustor | gas total - | efficdency, | coefficlent,
ratio, Mach total- .| pdessure | total- temperature, |+ nc'. R B on
lt/ﬁa' 5+ |- number, préssure | ratia, pressure’ | - Tg, . :
SoEe M, recovery, | ‘P5/Fg ,ratio, og . " ,
R PR L 50 T '
; number, 2.35 . PR T
fuel injection . s - i

0:0505 | == ——— 0,482 |° oo 12640 \ 0.635 0.544
.0611 |.0.310 0.605 527 0.872 3066' ] . . .702 ,+690
~0665 .300 .623 548 880 , ‘3263 4048 L7157
L0713 .291 .638 560 877 5337 766 V194,

L0761 292 .637 .660 .878 3279 L1568 - 794
0814 .298 .627 .851 878 3110 . 721 .65,
0510 | Twmees } cemee Y S R 2744 <647 509 o
0611 .315 602, 528 876 ' 3308 '.758 682, : .
.1 0691 303 623, 548 '], .879 3442 .784 L1747
1 ‘.o729 |, .300 629 .555 881 345¢ 791 .768 SR
0753 .298 .632 557 .882 3462 $797 a1 o s

, =0120 .38p 1724 .380 .25 ' - '
+0511 468 2542 14599 o .508; s
0615 .520. 3038 .692 674 i
10674 531 ) 3120, .702 .710
0723 531 3063 685 NitS
0501 475 2799 .675 521 ,

0602 : 512 3152 .718 638

0657 534 3369 .66 .708 .

0713 /547 3472 793 751 ‘

L0769 545 3365 © L1710 o JT4d ; '
number, 2 oy ' v K

fusl inje . . .

. : . i ebames .

0.0235 0.337 1870 . . 0.674 0.216 No bugg:or screech | - A
10245 389 2138 764 247 LT . 2.
028 337 ., 1858 663 . 214 : 3.

. .0237 337 1900 689 .223. - o 4
0240 334 1885 872 215 , St S5
L0234 329 1977 696 .189 . 6
0242 .334 1814 .685 222 ) 7,

0.0234 0.328 1766 0.615 0.183 No, buzz or screech T8
0229 324 1840 .620 155 . T 9
0234 317 1699 570 155 . : 10
-.0238 321 1301 . 644 185 ns

00242 | =cooe | coee- /| o004 | emee- 1561 7 -209 °, | o buse or screqen’ 12

0.0232 | eeeee e 0.314 —— 1730 0.549 0.119 | No buzz or seresch 13
0222 R O 299 ———— 1654 . L <543 .088 No ‘buzz or screech 14

fuel injection ) Lo :

0.0404 | =mewew b meeen 0.381 J— 2240 6.579 0.373 | No buzz or screech
.0511 | 0.323 0.52a: 461 0.883 3191 .802 658 : :

.0611. | .289 57 .512 .888 3830 924 843 ',
0663 282 .58 524 .889 3938 938 .884
0714 .276 600 534 .890 4021 .961 921
+0BO9 —— ———— 0.542 ——— 3985 0.978 0.949 ", No buzz screech
0394 <412 431 «379 878 2403 628 »352 No buzz or screech
0499 .340. 506 447 .882 3233 .808 .596 \ :
0600 306 555 490 883 3787 904 752
L0702 .294 .75 508 884 3943 .923 .817 4
0793 .273 615 529 .860 4123 .998 892 No buzz screech
. .
0413 .386 448 390 .870 2353 .614 404 ‘No buzz gr screech
0509 525 519 .458 + ,883 3158 ;791 650 .
0613 .293 .568 504 887 3714 .888 815
L0671 .285 584 518 .ea8 3860 914 .865
.0718 .280 593 524 .864 3875 917 .886
0409 ,393 .438 379 867 2268 583 372 '
0514 .319 523 461 .881 3306 .837 665 !
.0619 .287 574 .512 .892 3893 .939 843 " .
L0674 .281 .587 523 .892 3981 .952 .889 )
.0718 277 594 531 893 4044 .968 .915 -
.0792 265 .618 532 .862 3952 .960 .921 No buzz screech '
L0416 .380 446 386 .866 2379 620 403 [ o buzz or screech
L0517 326 509 453 .890 3170 .788 't .66
0624 293 559 495 .887 3693 .876 .795. .
.0675 .286 572 506 .885 3603 .896 .834
0726 .280 583 513 .879 3830 805 .859
0405 397 437 381 .872 2493 655 V374 42
0507 341 497 438 . 883 3207 . 793 581 43
0610 314 534 489 .878 3566 .829 690 : 44
»0111 .299 <556 <489 +880 3745 864 » 162 ‘1 Mo buzz acreech 45
0817 .298 560 495 .884 3680 .872 .782 No burz acreech |, 46

. CONFILENTIAL
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Run {-Aititude, | Angle of | Freé- ]  Free- Calculated {Exhaust- | Inner- [Outer- |Total [ Combustor
B < attack, j stream stream . diffuser- | nozzie ring ring fuel |critical
! " ’ . G, total total § outlet ' ! ‘total fuel fuel: | flow, jair flow,
. . . . deg temper- | pressure,’ total pressure, | flow, | flow, | wg, | Wa,50 ¢
) ' a;ure XE ;;g, B pre;aure » Pg s ] ¥, ] V; 207 1bfuc . 1b/see . .
e [N SIS . Or -1 [ | 1v/8ec |1b/38c !
: B IR . PR |eg.ftabs - |sareams | e -
B8q £t abs | = | A :
) Flight Mach
- Dual-pressure
47 60,000 - . 792 4135 - 1817 1584 1.13 ‘| 0.8¢ 1.97
48 § i 791 4122 2128 is82 -} 1.13 1.32 2.45
49 792 - 4108 2317 y 2064 1.13 1.81 2.94
50 T e 792 4127 . 2312 2065 1.13 | 1.82 2.95
.51 . o 792 4120 2356 2108 1.13 2,06 | 3.19
52 X 792 4124 ' 2389 2135 l.12 2.30 3.42
.83 60,000 ° |. ] 792 2574 1083 . 930 Q.59 0.51 1.20
-54 1293 1130 .69 © .82 1.51
55 1472 1305 .89 1.12 1.81
56 1512 1339 .70 1.27 1.97
57 1539 1366 .70 1l.42 2.12
58 1562 1374 (] 1.94. 1 2.44
59 ' 1465 1283 .69 2.03 2.72
680 1097 ' 959 67 50 1.17°
81 1262 1099 .67 .79 1.46
62 1429 1283 »67 1.08 1.76
63 1482 1311 87 1.36 '[.2.03
. 64 1535 1343 .67 1.68 2,35
3 65 ) 1615 1363 87 1.94 2.61
66 ! 1135 964 .70 .52 1.22
87 1269 1117 .69 .83 1.52
£8 + 1411 1229 +89 1.2 1.81
&9 1467 1285 .89 1.27 1.96
70 1496 1300 .69 1.43 2.12
o 1456 1287 <70 1.74 2.44
. 72 1379 - 1229 .70 2.03 2.73
73 -7 1084 945 N +50 1.17
4 1262 1109 +87 .18 1.45
%5 1385 . 1238 .67 1.09 1.76
16 1430 1277 67 1.386 2,03
77 1458 1279 +67 1.66 2.33
78 1431 1288 .87 1.94 2.61
79 * 947 . 820 82 «60 1.12
80 66,300 1068 940 0.52 0.83 1.35
81 1134 1002 .51 1.05 1.56
82 1149 1011 .52 1.28 1.80
83 7 722 607 .52 .16 .68
84 808 697 L2 +38 .80
85 + 9352 a20 +52 81 1.13
86 1034 904 .52 -83 1.35
a1 1097 962 .52 1.05 1.57
8 | . / 1073 950 B2 1128 |1s0
a9 67,500 0 749 640 0.47 0.36 ¢.83
., 90 887 752 46 55 1.01
91 992 875 46 .76 1.22
.92 1030 807 47 «94 1.41
93 1035 208 47 1,186 1.63
94 1004 875 .47 1.35 1.82
y 95 - 125 628 47 .36 .83
3 96 [ 840 729 6 .55 1.01
97 943 , 836 47 76 1.23
98 986 873 47 . 1.41
99 993 870 AT 1.15 1.62
100 989 864 47 1.36 1.83
oy 60,000 1277 1117 — ——— 1.37
102 1371 1210 ———— - 1.682
103% 1435 1262 - ——— 1.67
104 1481 1299 ——— ——— 1.81
105 1498 1322 — ——— 1.94
106 1530 1350 ——— —— 2.13
107 1546 1361 —m ——— 2.28
108 ¥ 1398 1227 ———a ——— 1.80
103 . 1451 1267 —— — 1.97
110 1484 1282 ~m— —— 2.12
+ i - 1383 1219 —— ——— 1.67
112 1427 1268 m——— ——— 1.82
113 1452 1297 - — 1.97
114 1464 13p7 ——— ——— 2,09
R 1 1485 1389 —— —ewe ) 2,23
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'OF . SEVERAL ENGINE CONFIGURATIONS
A . . s
Step flameholder D oot
Over-all |Diffuser |Calculsted | Engine |Calculated| [ 1on | Net :
fuel-air | outlet '{ diffuser total- |cowbustor | gas total efficiency, | coefficient, .
ratio, ‘Mach total- |pressure | total- [temperature,| - N, n. £
vr/w. 5 number; pressure ratio, pressure T Ty, . ’
. T B rocovery, | Pg/Pq: ratio, OR )
Lo Bo/Bo Pg/Py ' : - ’
A , [ I
. 1 2l
numbsr Z.50 ! L
fuel injection ! L R b
‘ ¥ N B - T o
0.0420 1 0.383 0.439 0.583 0.872 2585 0.617 0.400 No- bugz or soreeth’ e
.0524 318 5186 +457 884 3283 .819 663 N P e
. 0632 .287 .564 .502 .891 ‘3859 924 -827 L -
+0631 289 560 500 .893 3827 914 .820 A Lt .
.0683 »283 572 512 .895 3939 .936 .859 i
0732 .279 578 .518 .894 3959 924 .882 ; mmdmem—r .
- - - v g
0.0401 0.418 0.421 0.361 0.859 2024 0.494 0.301 No buzz or sereech. |-
<0503 .358 502 438 .874 2884 705 »578 ; K '
.0604 .291 . .572 507 .887 3753 904 824 g
.0658 - .283 587 520 .886 , 3884 924 871 '
»0712 .276 +601 533 .888 4017 .959 e .919 .
+0815 273 607 .5354 .880 3857 2941 <920 N
.0908 «293 569 +499 876 3232 794 <793 . ’
0405 417 428 374 .874 2317 .582 .335
.0506 352 491 428 871 2838 .71 .529 i s
0607 307 .555 «490 .884 3635 .852 . 752 '
.0702 294 576 509 + ,885 3939 .922 820 te
;0808 284 .594 +520 875 3923 944 | .858
0903 «267 .628 +530 844 3920 997 .894 No buzz screech -
0412 387 +4359 373 .849 ‘2216 .564 .356 No buzz or screech °®
0515 .338 493 434 .880 2904 - » 703 574, S S -
0614 «300 548, 478 871 3425 .801 #7351 1
0864 .287 .589 .499 876 3678 .862 ~80€ - B
L0721 +280 582 506 .869 3714 .871 .833
0827 .290 565 .500 884 5469 .829 +810
+0925 «308 «535 477 .891 3031 . 739 .728 "
20414 «412 +420 366 .872 2056 .469 328
0515 «342 491 431 879 3143 + 764 ', .561
0626 .308 538 481 +89¢ 3797 «894 . 7359 R
0721 »297 556 <497 893 3919 2917 796 -
.0825 292 564 2496 +878 3745 .898 «794 #o buzz screech
0924 «297 +555 476 .858 3310 +810 723 No buzz or screech
.0500 345 494 .428 866 2736 .668 539 ‘No buzz or screech
0.0608 0.300 0.587 0.491 0.880 3520 0.835 0.765 No buzz- or acreech
0701 +280 592 »523 884 3885 .919 .882 A ’
.0812 +275 +603 .530 .880 3816 .927 .807
+ |
L0311 469 <378 318 .841 1662 v 434 .157 | v
0412 ~408 423 +365 883 2122 .526 +326
L8517 <342 487 429 880 2849 .683 556 X
0616 »305 540 472 .874 3353 L1717 »711
0718 .286 573 502 <877 3668 .856 .819
.0821 292 560 496 .885 3436 .814 796 ¥
0.0408 0.434 0.414 0.354 0.855 2078 0.483 0.262 No buzz or screech
.0498 -362 480 416 +867 2803 662 .488 ) .
.0602 +310 549 2484 .882 3682 870 731 3
.0694 £297 569 501 .882 3830 .889 792 No buzz screech
0804 22986, 573 503 .881 3695 .869 .797 No buzz or screech
0895 «306 »555 483 555 3286 .785 728 : .
.0420 <437 .401 »347 866 2103 483 .260
0511 +366 +464 402 868 2158 £38 ~457
0622 +320 520 -461 887 3518 .810 .669
0725 +303 546 .483 .885 3723 .858 .745
2 +302 2548 «480 876 3546 »830 .737 . )
0930 +302 548 479 874 3371 .830 .732 . No buzz screech
0.0456 0.3544 0.494 0.432 0.875 2843 0.743 6.558 No buzz or screech
0506 «317 .531 469 883 3298 .844 .686 .
.0557 +300 .557 490 879 3578 .8a7 .761 )
.0602 »291 «573 503 877 3672 .881 815
06486 287 580 .512 .883 3177 894 «841
0711 280 594 523 .882 3877 817 .931
0760 277 .600 .528 +880 3864 .922 .898
¥
0610 .303 542 476 878, 3416 .799 724
0669 .291 563 482 873 3587 833 +781
0720 »284 576 498 864 3612 839 803 |
L0571 «304 +536 A3 .881 3529 858 +720
0621 .295 .552 «480 .888 3683 +875 . 784
L0674 »288 563 503 893 3812 .899 .830
0715 «285 568 +507 +893 3619 .900 844
.0781 .281 576 2512 »888 3794 2908 +B60.
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TABLE I, - Continued.  PERFORMANCE
B R s P, -
‘ (J) Isentropic .inlet;
Run | Altitude, { Angle of | Free- Free- Diffuser | Exhaust~ |Inner- {Outer- |Total | Combustor| Inner- Outer~
£t attack, | stream stream oytlet’ nozzle ring ring fuel { critical ring . ring
@, - total total total total fuel | fuel flow, | air flow, | 'fuel-air | fuel-air
deg témper~ | pressure, ;| pressure, | pressure, flow, flow, Vg Wg,5 . ratio, .'| ’ratilo,
. B a:lz‘ure, 0! Py, ll’g, . We g0 | W, o0 lin/séc| 1b/sec "f.i/"a‘,s we,o/¥a,5
A ib o sec | 1b/sec . L T
on  |satiams | 53 ttame |50 foavs |10/8ee [10/00c | : .
: . i
Inner~ring-only .
1 50,000 0 739 3278 1852 1557 1.72 ¢} 1.72 146,37 0.0371° 0
2 ¢ -0 817 3255 1838 1516 1.63 o] 1.63 43.79 0372 o
3 X 4 739 3276 1736 1455 1,54 0 1.54 46.10 - 0334 o
4 & 739 3283 1830 1535 1.75 0 1.73 46.22 0374 [¢]
5 ‘815 3284 lso2 1569 1.64 0 1.64 44.00 0373 [+}
6, -4 741 3282 1853 1562 1.72 [¢] 1.72 46.26 0372 o]
7 60,000 ¢] 739 2039 1088 911 1.08 [+} 1.08 28.85 0.0374 0
8 4 733 2043 1029 849 .96 "] .96 1 28.87 0333 0
8 4 737 2042 1102 935 1.08 |0 1.08 28.78 0375 0
Dual-pressure
10 50,000 + 0 139 3277 2170 1833 1.73 0.34 2.07 46.37 0.0373 0.0073
11 739 3278 2259 13808 1.73 .54 2.27 - 46,37 0373 L0116
12 739 3276 2331 1875 1.75 .77 2.50 46.35° 0373 .0166
13 739 3277 2364 2021 1.72 1,00 2.72 46.37 0371 .0216
14 739 3281 2408 2056 1.72 1.19 2.91 46.41 ' L0371 0256
15 740 3282 2454 2088 1,73 1.42 3.15 46.41 0373 .0306
18 817 3292 2139 1763 1.64 .28 1.92 44 .29 0370 0063
17 817 3278 2216 1827 1.64 .46 2.10. 44.10 ' 0372 <0104
18 817 3285 2303 1884 1.65 .67 2,32 44.18 J0O373 .0152
15 817 3287 2359 1948 1.65 .89 2,5¢ 44 .22 <0373 . <0201
20 816 3288 2384 1975 1.684 1.00 2.64 44,26 0371 .0226
21 816 3284 2413 1998 1.64 1.17 2.81 - 44.18 0371 <0265
22 818 3291 2451 2023 1.83 1.35 2.98 44 .29 .0368 »0305
23 4 740 3274 1876 1582 1.54 32 1.86 ' 46.07 +0334 0069
24 740 3275 1879 1689 1.54 53 2.07 46.07 0334 .0115
' 26 740 3281 2276 1914 1.54 .78 2.32 46.14 +0334 .0169
26 740 3270 2324 1980 1.54 1.04 2.58 45.99 .0335 .0226
27 741 3276 2362 2032 1.54 1.30 2.84 46.07 0334 .0282
28 740 3280 1965 1670 l1.72 »35 2.07 46.14 0373 0076
29 740 3271 2089 1792 1.73 .64 2.37 46,03 »0376 +0139
30 740 3281 2350 2001 1.73 .95 2.68 46,14 0375 +0206
31 740 3276 2401 2046 1.73 1.21 2.94 46.07 0376 L0263
32 740 327 2429 2065 1.73 1.40 3.43 46.03 ~0376 «0304
&3 815 3290 1929 1601 1.61 .26 1.87 44,08 .0365 0059
.34 816 3290 2178 1794 1.685 38 2.05 | 44.08 0574 .0086
35 816 3279 2307 1884 1,65 59 2.34 F, 43.92 0376 0157
36 817 3303 2357 1941 1.65 87 2.52 P 44.19 0373 .0197
37 821 3284 2393 1985 1.64 |, 1.17 .2.81 |1 43.85 0374 « w0267
38 818 3286 2400 1993 1.65 1.17 2.82 43.96 0375 0266
39 814 3302 2445 2021 1.64 1.36 3.00 L 44,27 0370 0307
+ t
40 -4 741, 3284 2000 1699 1,73 +36 2,09 46.26 .0374 0078
41 : 740 3284 2118 - 1821 1.72 .64 2.36 46.30 L0371 .0138
42 740 32175 2349 1991 1.73 .84 -2.57, 46.19 0375 0182
43 v 740 3283 2388 2037 1.73 1.06 2.79 46.30 0374 0229
44 740 3274 2413 2061 1.69 1.23 2.92 46.19 0366 0266
45 740 3285 2418 2067 1.72 1.23 2,95 46.34 0371 0265
46 740 3278 2449 2081 1.73 1.42 3.15 46.22 0374 0307
47 § 60,000 739 2042 1233 1050 1.08 0.19 1.27 28.89 0.0374 0.0066
48 139 2041 1309 1121 1.08 +35 1.43 28.87 .0374 0121
49 739 2043 1317 1187 1.08 .53 1.61 28,90 »0374 .0183
50 138 2043 1510 1268 1.08 71 1,73 28.91 0374 0246
51 738 2043 1540 1288 1.08 .87 1.95 28.91 20374 .0301
52 4 735 2040 1158 973 .96 «20 1.16 28,79 -0333 .0069
53 156 2042 1288 1101 .96 <41 1,37 28.80 0333 0142
54 136 2043 1371 1177 .98 .62 1.58 .28.81 0333 0215
55 736 2039 1483 1254 .96 .79 1.75 28.76 +0334 +0275
56 37 2041 - 1212 1028 1,08 .18 1.26 28.76 .0376 0063
57 737 2043 1293 1106 1.08 +35 1.43 28.79 .0375 .0l22
58 758 2041 1364 1172 1.08 .55 1.61 28.78 0375 .0184
59 755 2040 1504 1261 1.08 71 1.79 28.79 .0375 0247
60 134 2041 152¢ 1284 1.08 87 1.95 28.83 .0375 .0302
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OF SEVERAL ENGINE CONFIGURATIONS Ll
- £light Mach number, 2,35 : ‘ o
Over-all | Diffuser | Diffuser | Engine | Combustar Exhaust- Combustion | Net thrust Combustor. | Diffuser |Run
fuel-air | outlet total~ - total- total~- gas total efficiency, | coefficlent, |- remarks - operating :
ratio, Mach pressure presaure | pressure temperature, "e cF n . "§{ point:
"r/"a 5 number, | recovery, ratio, ratio, T, . d L
' Mo Po/Pg Pg/Bg P5/Pp °R . ' L '
. . »
fuel injection ’
3
0.0371 0.349 0.5865 0.475 0.841, 2386 0.701 0.480 No sc¢reech |Supercritical | 1
.0372 353 .565 .466 .825 2536 737 .450 g P 2
.0334 .355 530 444 .838 2132 .649 .584 . 3
0374 340 .557 .468 .839 2330 673 4860 4
0373 +320 579 4178 .826 2690 803 493 S
.0372 +366 . +565 476 843 2413 o .710 484 . 6 ‘.
"0.0374 0.380 0.533 0.447 0.839 2108 0.578 0.389 ‘No ‘sgreech |Supercritical 1
.0333 .401 504 416 . «825 1853 +331 .293 I . 8
.0375 364 © .540 +458 848 2229 .631 429 . 9
fuel injection
0.0446 0.297 0.662 0,559 0.845 . 3231 -0.915 0.751 Screech Supercritical {10
»0489 +291 .689 .582 .845 3455 .928 824 ) . . 11
0539 276 .712 .603 +847 3659 935 . 890 12
0587 .258 721 617 .855 3176 » 932 <935 ' 13
.0627 .250 <134 627 .854 3853 .932 .967, 14
0679 243 . 748 .636 .851 3910 .936 .998 15
.0433 .31 650 .536 824 3288 +837 674 16
0476 307 .676 .557 +B25 3515 .951 .745 ) 17 '
0525 300 . 701 574 .818 3677 +944 . 796 18
0574 .281 .718 593 .826 3873 »958 .858 19
0597 .275 .725 +601 .828 3946 .965 .88¢ 20
0636 .269 +735 .608 .828 4008 . 964 .808 21
.0673 264 + 745 .815 »825 4040 +964 ..928 22
.0403 «327 573 483 843 2471 . .688 .510 No sc¢reech | 23
.0449 .307 .604 .5186 854 27717 143 614 No screech . ; 24
»0803 .290 .694 583 .841 , 3498 . 924 852 Screech ° “oe 25
0561 264 711 6086 .852 3714 +933 . 903 N 26 [
.0616 256 »721 ; .620 .860 3833 932 . 95014 27
0449 2311 599 ;.509 .850 8707 .716 594 % No- sereech . 28
.0515 =304 639 ;548 .858 3070 ..768 718 ¢ No screech A 29
L0581 | 263 « 706 .810 .851 3745 927 .917 - Bcreech - . 30
.0639 +250 <733 625 .852 3859 930 <964 4 . Critical 31
»0680 <241 743 .631 .850 3888 o +929 +986 + Suberitical 32
0424 522 .586 , .487 .830 27486 . +745 521 ‘ No screech |Supercritical |33
- Q460 313 «662 545 824 3412 «939 _.709 % Screech : 34
L0533 .297 » 704 o576 817 3710 2944 .B04 “i : . 35
0570 282 . 714 +588 824 3853 .954 .846 1 . 36
0641 264 -729 «605 .830 4007 +960 .900 . 37
0641 266 730 .607 .830 4021 - .966 907 : ‘1 Critical 38
0677 261 2741 1 .612° 827 4027 .958 924 ’ Critical 39 -
.0452 »332 609 517 .850 2784 742 .618 o screech |Supercritical |40
0509 «313 .645 555 .860 3140 ~797 <737 No screech 41
0557 275 <717 +608 848 3725 ' .939 .909 . Screech . |42
0603 1 .259 £ 727 .621 .853 3827 937 +949 . . 43
,0632 249 737 +630 854 3899 «944 .978 ’ 44
0636 .249 <736 629 +855 3894 941 977 45
0681 249 747 635 .850 | 3918 .938 ] 994 ' 46
0.0440 0.323 0.604 - 0.514 0.852 2738 0.742 0.606 No screech |Supercritical {47
0495 304 641 +549 .856 3072 .789 .718 . 48
L0557 .286 674 #5081 .862 3381 832 . 820 ) 49
0620 .282 «139 620 .838 37175 »914 +945 Soreech - S0
20875 |. .273 +754 631 838 3843 917 +978, Screech 51
.0402 +348 587 477 842 2393 .658 +490 No screech 52
+0475 .308 630 539 - +856 2993 . 785 690 i - 53
0548 +285 571 576 .859 3351 .830 .808 s 54
-0609 -268 -227 1,815 .846 3758 .913 934 . Screech Suberitical |55 '
0439 .332 594 504 - 848 - 2649 712 576 - | No screech jSupercritical |56
~0497 +304 £33 541 855 3010 S .697 57
0559 291 .668 574 .859 3322 .812 802 : . 58
.0622 277 <137 .618 .838 3775 .913 . .943 . Screech Suberitical . 159
0677 .268 .47 629 2843 3839 , «916 .979 Sereech Suberiticel )60 8

CONFIDENTIAL
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TABLE I. - Concluded. ' PERFORMANCE
(3) Concluded. Isentropic inlet;
Run jAltitude, | Angle of | Free- Free- Diffuser Exhaust- jInner- |Outer- j Total | Combustor | Inner- Cuter-
£t attack, {stream stream outlet nozzle ring ring fuel |{critical ring - ring
a, total total total total fuel fuel flow, | air flow, | fuel-air | fuel-air
deg temper- | pressure, | pressure, | pressure, flow, flow, wes ¥y,57 ratio, .ratio,
. n;;ux-e, Bgs Pa, Ps, we a0 | W o0 | Ib/sec | 1b/sec - "'t,1/“a,5 "'r,c/”a,s -
» 1b 1b K . Lt .
0 1b. — b ____ 11b/sec |1b/mec
Bq Tt abs | 84 Tt abs |sq £t aba .
Single-pressure
61 | 50,000 0 740 3267 2313 1931 2.35
€2 . 739 3274 2353 2002 2,60
63 739 3266 2370 ..2039 2,88
64 738 3273 2439 2078 3.13
65 742 3286 2495 2103 .3.40
€6 742 3292 2503 , 2092 | 3.53
67 817 3299 2326 1903 2.36
68 817 3302 2355 1971 2.66
69 817 3283 2414 2004 2.92
70 818 3291 2455 2027 3,13
71 818 3278 2481 2046 3.37
72 i 818 3279 2479 2036 3.62
73 4 740 3273 2307 1924 2.37
74 741 3277 2334 1986 2.62
75 741 3282 2364 2033 2.87
76 741 3277 2424 2065 3.12
77 741 3268 2451 2071 3.32 ,
78 817 3279 2274 1883 2.35
79 817 3278 2297 1940 2.62 '
80 |wow B16 5291 2346 1979 2.87
81 816 3286 2409 2007 3.10
82, 816 3280 2429 2011 3.354
83 - 739 1934 2.36
84 ! 739 2006 2.62
85 739 2046 2.88
86 139 2083 3.13
a7 741 2087 5.40
;1) 741 2086 5.57
:
89 sia |’ 1873 2.31
90 818 1936 2.58
91 817 1973 2.7
92 817 2010 3.08
83 817 2041 3.38
94 817 2037 3.60
2
95 813 ! 1841 2.27 43.29 .
96 813 1904 , 2.61 435.48
97 813 1954 2.84 43.48
28 813 - , 1989 3.06 43.59
99 g12 ! 3290 1994 3.27 43.52
100 - 817 3286 1838 2.19 43.69
101 817 3282 1891 2.45 43.61 .
102 als 3276 1936 2.71 43.50
103 818 3280 1972 2.97 43.57
104 818 3281 1992 3.24 43.57
105 818 3282 1996 3.42 43.61
106 § 80,000 (o] 815 2033 1250 1.99 27.38
407 4 739 2044 1206 1.56 . 28.77
108 139 2044 . 1240 1.7 28.77
109 39 2048 1262 - 1.84 28.80
110 137 2045 1267 1.97 28.82
ni 815 2039 ‘ 1174 . 1.56 21.33
112 821 2045 1223 ——— 1.83 27.351
113 812 2048 1243 ———— 2.09 27.49
114 . =4 817 20356 1248 —— 1.98 27.31
115 7 820 2042 1189 — 1.75 1 26.89
116 -7 813 2041 1215 —— 1.75 27.20

[} .
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OF SEVERAL ENGINE CONFIGURATIONS
flight Mach number, 2.35 , . .
Over-all |Diffuser | Diffuser | Engine tor don | Net thrust | Combustor Diffuaer Runi.
fuel-air | ocutlet total- total- total- gas total efficiency, | coefficlent, | remarks operating
ratio, Mach pressure |} pressure | pressure temperature, nc l cp-,,, point
“f/"a 5 number, | recovery, | ratio, . ratio, Tg, ke
! . Mg Po/P, Ps/Pg P5/Pp o
fuel injection N . .

0.0503 0.2%0 0.708 0.581 0.835 3550 0.933 0.852 . Screéch Supercritical | 61
0561 271 719 .612 .851 3734 .938 .918 . 3 62
0623 .244 . 726 .624 .860 3829 927 »959 63
.0676 252 . 745 .635 .852 3898 .934 »994 ' . 64
0733 257 759 540 843 3899 + ,935 1,009 Critical 65
L0759 - 265 . 760 .636 .836 3799 .811 .995 Suberitical 66
0532 . 300 . 705 577 .818 3709 .944 o .807 Supercritical 67

3903 .950 .872 68
4006 .955 + .915 69 |
4011 .953 .933 2 70
4037 972 .959 Screech Critical n
3894 .952 J945 . ) Subcritical 72
2539 .923 .846 Supercritical { 73
3712 .92¢ .904 ll ! 74
3819 924 .948 ' ' %
3888 «930 .882 Critical 76
3864 .923 .993 Suberitical m
3711 .943 +803. Supercritical | 78
3873 942 .859 . . 19
3930 .936 ~889 . 80
3970 942 .920 Critical 81
3933 857 .927 Suberitical 82
Supercritical 83

’ . 1

85

86

Critical 87

Subcritical 88

.947 .801- Supercritical { 89

942 .854 X 90

«950 .892 91

-+ 948 .921 H s 92

+960 949 % Critical 93

.952 945 3 Suberitical 94

. 936 777 Screech Supereritical | 95

. 915 .B239 . Supercritical | 96

, .936 879 Critical 97

947 <907 Suberitical a8

.942 .915 Suberitical. 99

. 944 . 76C 18upercritical | 100
.932 .815 . 101

.934 + 863 : 162

N 9357 .895 103
.938 .914 104

«933 .917 . 105

0.8940 0.930 Screech’ Critical 106

® 891 .863 . Suberitical 107
. .898 907 o 108
.899 .940 108

.884 . .948 ) 110

\ .800 .807 Supercritical | 111
.916 .879 112

.909 908 113

.938 923 114

.899 .840 R 11$

.928 »876 116
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;}_ef engine, looking downstream.

vack

wH={

(a) 50°-Single-inlet cone.

quarter view of inlet of XRJ43-MA-

Figure 4.
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(b) Isentropic inlet.

Three-quarter view of inlet

Figure 4. - Concluded.

XRJA3-MA-3 ram-jet engine,

of,

looking downstream.
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Figure 11. - Schematic plot showing effect of combustor screech on coﬁbuetor

pressure level,

Fuel-air ratio, wr/ﬁa's
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- Figure 12. - Effect of yaw, variation of inlet and exit areas,. and aiffuser rota.tion on
Altitude, 60,000 feet; nominal inlet-air temperature, 736° R (MCD);-
dgal-pressure fuel injection; nomina.l inner-ring fuel-air ratio, 0.037; angle of attack,
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(b) Continued. Dual-pressure fuel injection; altitude, 506000 feet ; nominal
inlet-air temperature, 740° R (MCD); angle of attack, +4°. S
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Figure 17. - Continued. Cowmparison of the performa.nce of ‘the stande.rd engine,
' step-flameholder D, and isentropic configurations.
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% (b) Concluded.

) Figure 17. - Concluded.
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Engine fuel-air ratio, v /w
,

perature, 740° R (MCD); angle of attack, +4°,

Comparison of the performance of the standard engine ). step-
fla.meholder D, and isentropic configurations. . '
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